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With twenty-one years’ experience in high- 
duty high-precision hydraulics, Lockheed 
have an unsurpassed standard of practice 
and workmanship. 

The illustration shows a typical cantilever 
shock-absorber strut: Lockheed struts are 


being supplied for many types of aircraft, 


from advanced trainers to high-speed jet 


planes. 
Other Lockheed specialities for aircraft are 


the “‘Servodyne’’ system of power assistance 
fo: flying controls, and the famous 
high-precision high-speed hydraulic pump. 


AUTOMOTIVE PRODUCTS CO., LTD. 
LEAMINGTON SPA, ENGLAND 
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FOR HEAVY OUTY UN LIGHT AIRCRAFT- 


MAJOR 


A tough and compact, 4 
cylinder in-line, air-cooled 
engine of proved performance. 
Series || develops 150 h.p. and 
Series 111, of higher compres- 
sion, 155 h.p. 


BOMBARDIER 


180 h.p. Latest of the line and first 
British Direct Petrol Injection 
engine to pass A.R.B. approval 
tests. One of Bombardier’s main 
advantages is in giving greater 
Series 1,90 h.p.; Series 11, 100 h.p. power for weight. 
The Air Registration Board now 


permits Minor to run for 800 
complete overtaul The reputation for performance, reliability and 


—a gain of 200 hours. economy which Cirrus Engines have built-up 
over the years has gained them the unwaver- 
ing confidence of the designer and user of light 
aircraft. That is why so many established 
light aeroplanes are powered by Cirrus and 
why so many new designs incorporate these 
famous units. 
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BLACKBURN & GENERAL AIRCRAFT LTD., BROUGH, E. YORKS 
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YOUR HOLIDAY DLACE 


Travel without trouble by Australia’s International Airline—famous 

Kant for 28 years of service. On the ground and in the air, Qantas makes 
your personal comfort a paramount responsibility. 
ayn Ask your travel agent for details. 


LORD HOWE Is. NO PAKISTAN 


there 


QANTAS EMPIRE AIRWAYS 
Australia’s International Airline 


IN ASSOCIATION WITH BRITISH OVERSEAS AIRWAYS CORPORATION 


| SINCAPORE ROME SYDNEY 
NORFOLK Is. NEW GUINEA CAIRO INDIA 
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Two men from “‘ The Aeroplane” are present 
whenever there is an event of importance in 
British Aviation. One of them is an authority 
on the technical aspects involved ; his task is to 
describe the event and to provide an authori- 
tative commentary. The other is the specialist 
who, from long experience, takes his photo- 
graphs from just that angle which does full 
justice to his subject. Testing a new engine or 
instrument, demonstrating a new technique, 
displaying new equipment—you will always 
find a full and first-hand report in the current 
issue of ‘* The Aeroplane.” 


Is. weekly 
£3.1.0 per year, post free 


TEMPLE PRESS LIMITED 


BOWLING GREEN LANE, LONDON, E.C.1. TERMINUS 3636 
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SILICONES 


are already important to the 


AIRCRAFT INDUSTRY 


Silicones have heat-resisting and water-repellent properties that have 
important applications in the Aircraft Industry. They can be used in the 
form of Liquids, Resins, Greases and Rubbers (Silastic). 


SILICONE FLUIDS are subject to low viscosity changes over wide 


temperature ranges. They are suitable for damping, hydraulic and instrument 
fluids. 


SILICONE RESINS AND VARNISHES are heat-stable and 


water-repellent. They provide electrical insulation that is serviceable at 
temperatures at least 50°C. above Class B limits. 


iy SILICONE GREASES AND COMPOUNDS are tubricants 


suitable for bearings and valves operating at high and low temperatures. DC4, 
the Ignition Sealing Compound, has many applications. 


SILASTIC is a rubber-like material that remains flexible over the tem- 
perature range of —50° to 260°C. It is suitable for special purpose gaskets, 
and for insulating electrical wires and cables. 


Albright & Wilson are developing the use of silicones in this country. 
They will be glad to send fuller particulars of these products. 


ALBRIGHT & WiLson 


LTD 
Distributors of Dow Corning Silicones 


49 PARK LANE - LONDON - W.1 TEL: GRO, 1311 
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WESTON Thermocouple Assemblies 


A full range of Thermocouple Assemblies is available for use in conjunction with 
Weston Temperature Indicators. Copper and constantan are the standard materials 
employed, constantan being specially selected for the constancy of its thermo-electric 
characteristics against copper, and each thermocouple has the same E.M.F. tempera- 
ture curve. Copper constantan compensating leads, of the duplex type are also supplied 
for connecting the thermocouple to the indicator. All thermocouples and leads comply 
with Air Ministry specifications and are interchangeable, being adjusted to a definite 
resistance. Illustrated are Types 11A and 14A Thermocouple Assemblies, designed 
for bolting to the cylinder head. Gasket type thermocouples for connecting under 


the sparking plug are also available. 


SANGAMO WESTON LIMITED 


GREAT CAMBRIDGE ROAD, ENFIELD, MIDDLESEX 
Telephone: Enfield 3434 & 1242 
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a pioneer 


in modern dress 


These days, some people 
don’t think that tradition 


counts for much. But I know 
better. Pioneering my own business twenty 
years ago taught me that tradition is a priceless 
ingredient that you have to earn. It’s not some- 
thing you can buy on the open market. The 
way I look at it, every tradition has a pioneer 
for a father and its mother is experience. 

Take the example of B.O.A.C. . . . Its 150,000 
miles of world-wide air routes to five continents 
and forty-two countries didn’t just happen. 
There was always a first time for every route. 
Because B.O.A.C. has the imagination and the 
determination to be and stay a leader, it 
always looks and plans ahead. 

That’s why it’s not surprising that B.O.A.C. 
pioneered the air route between Britain and 


Australia over ten years ago. Or that it was the 
first and for two years the only airline to fly the 
present North Atlantic route as a two-way, 
year-around service. Nor is it surprising that 
B.O.A.C.’s 30-year-old tra- 
dition of Speedbird service 
and experience is reflected 
by all its personnel. 

Yes, I say — never under- 
estimate the importance of 


tradition ! 


GREAT BRITAIN + USA - BERMUDA + CANADA + MIDDLE 

EAST + WEST AFRICA + EAST AFRICA + SOUTH AFRICA 

PAKISTAN INDIA + CEYLON - AUSTRALIA- NEW ZEALAND 
FAR EAST + JAPAN 


B.O.A.C. TAKES GOOD CARE OF YOU 


BRITISH OVERSEAS AIRWAYS CORPORATION IN ASSOCIATION WITH QANTAS 
EMPIRE AIRWAYS LIMITED, SOUTH AFRICAN AIRWAYS AND TASMAN EMPIRE AIRWAYS LIMITED 
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S. eldom in history has a specialised aspect of human endeavour made such "eng; Vv @ 
rapid progress as has aviation. The “‘ Bristol”’ story is the story of aviation . . . an unending 
cycle of research and development which, through nearly four decades has made “ Bristol”? a name 
pre-eminent in this most modern of modern industries. To-day, the “ Bristol”’ production 
programme is compact and comprehensive . . . long-vange transoceanic aiv-liners . . . medium-range aircraft 
for the Empire routes... ‘reight-planes to provide an extra “‘lung”’ for industrial development ... and helicopters 


for inter-urban and specialist services. The world-renowned “ Bristol” sleeve-valve engines and gas turbines 


also add theiv powerful impetus to aviation progress ; they power the majority of British civil aircraft in current production. 


THE BRISTOL AEROPLANE COMPANY LIMITED . ENGLAND 
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Some of the aircraft 


components made by 


DUNLOP 


WINDSCREEN WIPER 


ANTICER DE-ICING EQUIPMENT 


TAIL WHEEL JACK 
TAIL WHEEL WITH ECTA TYRE 


SELF-SEALINC PETROL TANKS 
- FLAP OPERATION 


ELECTRO-PNEUMATIC FIRING VALVE 


FIRE G SAFE CUN CONTROL 


LOW PRESSURE 
HOSE ASSEMBLIES 


ANTLVIBRA 


| CAMERA UNIT 


| 
ACE RETRACTION 


SHOCK ABSORBER L 
COMPRESSION RUB! 


\ REAR SEAR RELEASE UNIT 
\ 
ANTICER DEICING EQUIPMENT 


DUNLOP RUBBER Ltd Aviation Division GCOVENTRY 
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From sturdy pioneer to a world-wide organisa- 
tion providing services that cover almost every 
aspect of aviation . . . that is the achievement of 
Airwork. 

Aviation is a youngster with great and growing 
needs. We intend increasingly to cater for those 
needs. And by keeping step with aviation’s 
progress, we hope to share a little of its achieve- 
ments. 

The toast is THE FUTURE ... the future of 
Airwork . . . a future for private enterprise. 


| 


AIRWORK 


tiMITED 


AIRWORK LIMITED - 15 CHESTERFIELD ST. 
LONDON - W.|I.- Tel: GROSVENOR 4841 


Also at Gatwick Airport, Horley, Surrey e 
Blackbushe Airport, Near @amberley, Surrey e 
Langley Aerodrome; Buckinghamshire e Heston 
Airport, Middlesex e Loughborough Aerodrome, 
Dishley, Leicestershire e Perth Aerodrome, 
Perthshire e Usworth Aerodrome, Castletown, 
Co. Durham. 
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POWER PLANTS 
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LONDON W.3 
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we can start and stop almost anything 


When it comes to stopping modern high speed aircraft people in the Industry almost auto- 
matically think of B.B.A., because MINTEX brake linings are used on practically all British 
Aircraft. This supremacy, in the most exacting field of all, is the result of years of research 
and experimental work, the benefits of which are applied to the manufacture of all B.B.A. 


friction materials. No wonder they say — ‘* When you’ve got to stop you can rely on MINTEX.” 


BRITISH BELTING AND ASBESTOS *LIMITED 
CLECKHEATON, YORKSHIRE 


Packings and Jointings. Manufacturers of Machinery Belting for Industry; 


Spinners, weavers and manufacturers of Asbestos Yarns, Cloths, Tapes, B 8 
Manufacturers of mintex brake and clutch linings and other friction materials. A 
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Vickers Supermarine S6B which 
won the Schneider Trophy outright 
for Britain in 1931 — forerunner 
of the world-famous Spitfire. 


3929 


Carrying on the proud 
traditions of the ‘Spitfire’ 
—the jet propelled 
‘Attacker’. Raised the 
100 Km. Closed Circuit 
Record in 1948 to 564.88 
m.p.h. with full maitary 
equipment. Now adopted by 
the Royal Navy for its 
remarkable manoeuvrability 
and deck landing qualities. 


Vickers-Armstrongs Limited 


AIRCRAFT SECTION VICKERS HOUSE BROADWAY LONDON: SWI 
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QUARTERLY 


Volume I AUGUST 1949 Part II 
CONTENTS 
Displacements of a Linear Elastic System 
Under a Given Transient Load D Williams 
Skin Friction in the Laminar Boundary 
Layer in Compressible Flow A D Young 
The Measurement of Gas Turbine Com- LJ Richards 
busnon Efficiency by Gas Analysis and J C Sireet 
A Simplified Theory of Simple Waves” A Ghaflari 
LONDON 
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GUIDED MISSILES 


By A. R. WEYL, A.F.R.Ae.S. 


An authoritative survey of the origins, develop- 
ment, principles and uses of remotely controlled 
self-propelled projectiles, including robot air- 
craft, long-range rockets and smaller types. 
Design characteristics, achievements in various 
countries and future potentialities are all 
outlined and discussed. Detailed list of contents 
post free on request. Published in association 
with Aeroplane.” 


PRICE 7'6 NET 


Obtainable from all booksellers, or by post 
7/10d from the publishers. 


TEMPLE PRESS LIMITED 


BOWLING GREEN LANE, 


LONDON, €E.C.f. TERMINUS s636 
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“ That’s Mr. Sherborne—up from Southampton again in his Auster. He'll 
want his usual 10 gallons of 73 Octane. He learned to fly as an Observation 
Officer for the R.A. in the War. Nice getting to know people. From all 
over the world, too. Captains of four-engine aircraft or little Austers...” 
The Shell BP Aviation Service is a personal service. The crews which man 
the chief British airports are on duty every moment of the year. At almost 
30 aerodromes—from Northolt to Stornoway, from Prestwick to Eastleigh— 
Shell BP facilities are available—for B.O.A.C.’s Constellations, for. Mr. 
Sherborne’s Auster. 


Shell BP Aviation Service 


Shell- Mex and B.P. Ltd., Shell- Mex House, Strand, W.C.2. Distributors inthe U.K. for the Shell and Anglo-Iranian Groups. 
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SAFETY DISCUSSION 


A DISCUSSION on Air Safety was held by the Royal Aeronautical 


Society on 5th 


rch 1949 at the Institution of Civil Engineers, Great 


George Street, SW1, at which four papers were presented. They were the 
769th, 770th, 771st and 772nd Lectures to be read before the Society. 

Dr. H. Roxbee Cox, D.I.C., F.R.Ae.S., F.I.Ae.S., President of the Society 
presided during the Morning Session and introduced the first two lecturers, 
Mr. J. D. North, F.R.Ae.S., M.I.Mech.E., Managing Director of Boulton 
Paul Aircraft Ltd. and a member of the Air Registration Board, and 
Dr. K. G. Bergin, M.A., M.R.C.S., L.R.C.P.,1 A.F.R.Ae.S., Medical » 
Superintendent, Western Division, British Overseas Airways Corporation. 


Morning Session : 


SOME ASPECTS OF THE RELATIONSHIP 
BETWEEN AIRWORTHINESS AND SAFETY 


by 


J. D. NORTH, F.R.Ae.S., M.I.Mech.E. 


INTRODUCTION 


The purpose of this paper is to attempt 
to examine the relations between air- 
worthiness and safety. 

It seems to me that the problem of safety 
in aviation is fundamentally a problem of 
human behaviour. The human controlled 
aeroplane is mechanically extended man. 
To quote Sherrington") 

“ The cerebrum comms, . 
to be the organism par excellence for 
the readjustment and the perfecting of 
the nervous reactions of the animal as 
a whole, so as to improve and extend 
them. These adjustments . .. . in 
higher animals form the most potent 
internal condition for enabling the 


species to maintain and increase its 
dominance over the environment in 
which it is immersed.” 


If we exclude the effect of the counter 
strategies of competition an accident is a 
measure of the incompleteness of this 
dominance. What might be called the 
macro-mechanism of the extension deter- 
mines the limit of the individual’s power to 
select his self-centred environment and so the 
conditions to which he must by the 
micro-mechanism adjust himself. The 
macro-display determines the information 
from which the degree of uncertainty which 
attaches to alternative macro-actions is 
assessed. Within the limits of this 
uncertainty the risk is a matter of choice. 
This freedom of choice can, and I believe 
does, cause the realised accident rate to 
regress towards the currently acceptable risk 
rate. This currently acceptable rate is 
essentially unstable (divergent) in its long 
term trends unless influenced by external 
competition (i.e., comparative standards); 
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this long term instability is, in effect, a 


relaxation phenomenon. 

It is this which I suggest accounts for the 
remarkable stability of road accidents under 
the influence of much safety propaganda. 
The latter corrects the drifting towards 
greater risk but cannot influence the 
individual to reduce the risk increment asso- 
ciated with his behaviour since he takes 
those risks which he is prepared to accept. 
Although there is undoubtedly a_ great 
variation in individual behaviour, the size 
of the population is sufficient to maintain its 
inherent constitution approximately uniform. 


It has been observed that removal of 
obstacles at dangerous corners does not in 
many cases materially effect the accident 
rate. Obstacles which prevent this voluntary 
compensation (e.g. islands) have a distinct 
safety value. 


For these reasons it seems to me quite 
unreasonable to expect to relate any qualities 
of an aircraft directly to the risk of accident 
unless the aircraft were of such a character 
that no environmental choice could influence 
its safety. We can, however, say that these 
qualities will influence the economic value 
of the aircraft, since the environmental 
restriction imposed by an acceptable risk 
rate might be insufficient for economic 
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existence. however, these 


same 
qualities may equally influence the economic 


Since, 


potential in quite different ways, “ safety” 
qualities cannot be considered on their own 
and indeed, never have been. 

I understand that both Keynes and 
Jeffreys?) hold that the proposition concern- 
ing the risk rate which we must consider in 
advance of ad hoc experience is to be judged 
on the basis of a reasonable degree of belief 
on the evidence. Our society is largely 
founded on the idea that people are generally 
capable of reasonable judgments (within the 
domain of their experience and ability). If 
they give reasons they are wrong far more 
frequently than the judgment. 

Tests prior to certification by an inde- 
pendent authority are intended to provide 
supplementary evidence, but many of them 
depend on expert judgment rather than 
measurement. The dirigiste belief that 
central authority by statutory rules can 
exercise a kind of vicarious judgment 
superior to that of the ad hoc judgment of 
competent and honest persons appears to me 
to be unsupported by experience. This is 
not to be confused, however, with the many 
cases where ad hoc judgment must be 
sacrificed to the necessities of co-ordination, 
and the protection of society against the 
dishonest and incompetent. 
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Fig. 1. 
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SOME ASPECTS OF THE RELATIONSHIP BETWEEN AIRWORTHINESS AND SAFETY 


Fig. 2. 


THE ECONOMIC ASPECT 


Airworthiness in aviation is a concept 
associated with the idea of safety, that is to 
say freedom from injury. Injury may be 
given a notional quantitative significance as 
damage. Since aviation, if it is a useful 
human activity, must result in some human 
benefit, and since damage is a dis-benefit, it 
will be one of the items in the balance 
sheet from which the benefit will be 
determined. 

In air transport the benefit depends in part 
on being transported from one place to 
another between certain fixed times and this 
benefit is reduced by any uncertainty (not 
necessarily involving damage) and by the 
cost of providing the benefit. 

In order to avoid the necessity of intro- 
ducing terms like profit and utility which 
have a special significance of their own, we 
might usefully describe the “ social benefit ” 
of civil aviation by the yield, an algebraic 
quantity. This term has been employed in 
operational research in the military field. 
Since we wish to consider the contribution 
which damage makes to the balance sheet 
as a separate item, it is convenient to con- 
sider the net yield as being derived from the 
difference between a gross yield and the 
damage. 

Y=X-D 
Y=net yield 
X =“ gross” yield 
D=damage 

This appears to me to be the fundamental 
background against which civil airworthiness 
must be examined. Military aviation 
presents quite a different problem, as war 
is a conflict of strategies. The problem is 
not a simple maximisation one, but a 
maximum /minimum problem. 

Both the gross yield and the damage may 
be regarded as functions of three variables, 
namely the aircraft A, environment E and 
the human factor H. Thus 

X =0(A,E,H) 
D=W(A,E,H) 


All the variables may be regarded as integral 
quantities and the result of the operation of 
such a system may be represented as in 
Fig. 1, where the region Y;;, and the region 
Dj, tepresent the integral values of the net 
yield and the net damage corresponding to 
the integral values H;, A; and E,. These 
integral quantities arise from the operation 
of the system over a period of time, i.e. T, 
to JT, and the net yield and damage rates 
have mean values as shown in Fig. 2. The 
interval JT, to 7, may be divided into a 
number of convenient .units; in each case 
there will be a mean value of Y and D 
corresponding to each unit. 


A more detailed discussion is given in 
Note 1, but it is sufficient here to note that 
if we wish to talk about damage rate we are . 
confronted with the difficulties of applying 
such a term to a time series and that if we 
wish to make a prediction of the values of 
Y and D fora further period lying between 
T, and T,, we are concerned not only with 
the means but also with the trends. A brief 
discussion on this is given in Note 2, but we 
will confine ourselves to the examination of 
the results of a particular period of operation, 
e.g. as Fig. 1. 

To consider the detailed effects of the 
variation of H is beyond the scope of this 
paper, although the influence of H is implicit 
in Y and D. 

A single value for H makes Fig. 1 two- 
dimensional. In other words we shall be 
concerned only with Y;, and Dy. If we 
desire to operate in an environment E, we 
shall choose the aircraft A; which will give 
the maximum net yield. The following 
inferences appear to be plausible. j need not 
necessarily have a unique value. The values 
of j and k which maximise Y are not 
necessarily those which minimise D. For 
any particular field of operation, which may 
comprise a number of routes, the number 
of elements selected for E;, is arbitrary in the 
same way that the choice of sub-populations 
in taxonomy is arbitrary. It is only necessary 
to note that there may be an influence on the 
yield by reducing the varieties of A in the 
field of operations. Moreover, each Y would 
have to be weighted for the scale of opera- 
tions (S) as it would if comparisons were 
to be made between one set of operations 
and another. For comparative purposes 
Y =X -D would be revised as Y/S=X/S— 
D/S. Because of the presence of the incre- 
ments or decrements in the intangibles in X 
the choice of S is not easy, but units like 
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ton-miles or passenger-miles are commonly 
employed. Moreover, if D is regarded as 
something which is proportional to the 
number of passenger fatalities then the D 
rate is the ratio between deaths and the 
passenger mileage on these assumptions. 
The significance of such an arbitrary 
assumption is discussed in Note 2. It will 
be seen that comparisons of safety are not 
easily made; having in any event a some- 
what arbitrary character they can be made 
to appear to support particular views by 
arbitrary changes in the assumptions. 

If we consider a particular case of trans- 
portation from B to C where the transportee 
desires to arrive at C at a particular time T, 
then the transportee will be concerned with 
the comparison between his expectations of 
the net yields under alternative methods of 
transport and hence, he will be concerned 
with the expectations of D and X and the 
uncertainty of these expectations. Both of 
these will depend on his mental outlook and 
his experience. He will be confronted with 
a proposition, e.g. that one transport method 
offers him a higher net yield than another 
and he will make his decision as to the truth 
or otherwise of this proposition by a process 
of quasi statistical inference, the practical 
basis of which is (and this is true of all 
statistical inferences) the relative importance 
of believing that the proposition is true, 
when it is not, and believing that it is not 
true when it is. 

If we replace the individual transportee 
and the particular transport element with 
which he is concerned by society and the 
transport field the same conditions would 
apply. In many examples of the practical 
events of life, the ordering of the Y’s is 
simply a system of inequalities and indiffer- 
ences, the indifferences arising from 
threshold values of the kind known in applied 
psychology as just perceptible differences 
(J.P.D.—see Note 3). This is further com- 
plicated by the fact that the reference datum 
for J.P.D. is subject to a relaxation phenome- 
non and that the values which result from 
transformation of the X, Y, D variables into 
common units are not usually linearly related 
to the units in which the former are normally 
measured. This, of course, is a common 
experience in sensation phenomena and in 
the relations between moral fortune and 
monetary fortune. 

These various factors have been mentioned 
because they are some of the fundamentals 
in the economic aspects of safety, but the 
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purpose of this paper is primarily to discuss 
the influence of the A variable on the 
function ¥ (A.E.H.). From the foregoing 
discussion, however, it would seem to be 
wholly illegitimate to assume that this is a 
quantity to be minimised, since this assump- 
tion would imply that Y would tend to a 
maximum as D tended to O. Such an 
implication is manifestly contrary to exper- 
ience, or at least human behaviour. In fact 
all experience suggests that for D=O, Y <0. 
We may sum up the purpose of this section 
of the paper by three inferences (1) that it is 
not generally true that D_ should be 
minimised. (2) that there is no reason to 
expect that it should have a uniform value 
in particular operational fields (3) the 
adverse effects of complexity limit the 
number of regions in which Y is to be 
maximised. 

We may now turn to the relationship 
between A and D. 


AIRWORTHINESS AND SAFETY 


Relationship between A and D is one 
involving questions of economic behaviour; 
following the ideas of Von Neumann and 
Morgenstern) it may be represented in the 
form of a game which contains both elements 
of skill and elements of chance. Since in this 
case we are not concerned with the strategies 
employed by rival commercial groups, the 
type of game required is not the complicated 
game of contesting strategies, but has the 
character of solitaire or patience and is thus 
a simple maximisation problem. It is best 
to illustrate such a game by the simplest 
possible type which contains the required 
elements. 

Figure 3 illustrates such a game in which 
any move, subject to the rules, is open to 
the players; the grid represents the field of 
play being a line time diagram, the number 
of vertical squares representing the distance 
between two points B and C while the grid 
extends indefinitely in the horizontal 
directions, i.e. into the past into the future. 
Each vertical distance between adjacent lines 
parallel to BB axis represents a unit of 
distance and each horizontal distance 
between adjacent lines parallel to the BC 
axis represents a unit of time. The lines B 
and C represent the extension in time of the 
starting and finishing points. The problem 
of the player is to move from line B to line C 
in accordance with the rules to be set forth 
in such a way as to gain the maximum 
number of points. 
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The rules are as follows:—The player 
starts at any point selected by him on line 
B and in general, can make any move con- 
sisting of one movement to the right along 
the X axis and 1, 2, 3 or 5 moves along 
the Y axis in the direction of the C line. The 
moves are subject to the restriction that the 
integral number, i.e. 1, 2, 3 or 5 along the 
Y axis contained in the move must be equal 
to one more or one less than that of the 
previous move. There is the further 
restriction that the first and last moves must 
be 1, 1. If in the process of passing from 
B to C the player enters or passes over one 
of the black squares in the diagram he loses 
N points and that particular play ceases. The 
player starts in each consecutive play from 
one of a series of points in the T direction on 
the B line selected by him either independ- 
ently or having a definite relation to one 
another along BB (this represents the case 
of a scheduled service). He further selects 
any advantageous point C on the line CC 
in accordance with some prescribed schedule 
or not for the same reasons. 

The number of squares along BB CC, 
each C being to the right of its corresponding 
B, measures the time taken for the journey. 
The number of points which the player can 


us assume, for the purposes of the game, 
that it is linear, i.e. proportional to the time 
selected. If he succeeds in crossing from 
B to C starting at his selected square and 
finishing in his selected square, he secured a 
number of points N, proportional to the 
distance between B and C in terms of time 
squares. This number of squares represents 
the time taken which has only integral 
values. Now suppose the player selects a 
particular integral value of time Tx. He 
secures his maximum number of points if 
the realised value of T<T x. If the realised 
value T is in excess of Tx, points are 
deducted on some appropriate scale. We 
will assume that this scale is of the kind that 
P points are deducted for T=Tx+1, 2P 
points deducted for T=7T,x+2 and so on. 
Naturally the relationship between the Tx 
excess and the points could be made more 
realistic than this, but there is no object in 
complicating the game unduly at this stage. 

It will be seen that over a series of plays 
the total number of points gained will be 
equal to Y, the total number of points lost 
by D will be the product of the number of 
points lost for passing through a black 
square (which can only at the most occur 
once in each play) multiplied by the number 
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this event occurs. It will easily be recognised 
that the moves represent a 5:1 velocity 
range and with unit acceleration and 
deceleration. The 1, 1, restriction of the 
terminal moves represents the necessity for 
starting from and coming to rest. We shall 
now require to provide a clock which strikes 
a bell at uniform intervals of time within 
which the player must make his move once 
play has started. If he fails to make a move 
in between any two consecutive bell strokes, 
then his last previous move is held to have 
been repeated. 

The first and simplest types of play to be 
considered is that in which the grid pattern, 
i.e. the distribution of the black squares is 
fixed and known to the player. This pattern 
is the environment E. The rules governing 
the moves define A;,; H is the skill of the 
player himself. 


The following variants arise:— 


(1) It is not possible to start at the selected 
time and reach the C boundary. 


(2) It is not possible to reach the C boundary 
at the selected time. 

(3) Neither of these is possible anywhere 
in the pattern. 

The first case may require a late start, the 
second case late arrival and the third a defer- 
ment until conditions improve, i.e. move in 
T direction until pattern is easier. An 
inability to start would also result in the loss 
of some points. 

It is now advisable to consider the diffi- 
culties which arise in passing from B to C 
remembering that all changes of moves have 
to be made within certain definite times. If 
enough time is allowed beforehand to inspect 
the pattern it is then possible to try various 
courses and find which yields the maximum 
number of points. If the pattern is suffi- 
ciently complex then some series of moves 
may be unique, but if the pattern is only 
exposed to the player a short time before he 
starts, the selection of the best course may 
be difficult. If at any stage in the selected 
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course a unique series of moves is required 
to avoid passing over a black square, the 
probability of doing so is increased and a 
long series of these successfully negotiated 
corresponds to one kind of what is often 
known as a near miss. The safest possible 
course is that which at any stage leaves the 
greatest freedom of move choice and a 
central move series of this kind, which would 
permit the greatest amount of aberrations at 
any stage, would be the safest plan. This, 
however, might be inconsistent with the path, 
giving a maximum yield. If the points in 
the game have been correctly chosen then by 
definition the course which will yield the 
maximum number of points is the best, but 
it is unlikely that it would be the safest, 
Changes in the A specification may have two 
effects (1) by altering the X yield (2) by 
altering the D loss. 

If the airworthiness of an aeroplane is 
regarded solely from the point of view of the 
increase of operational safety possible, then 
in so far as it influences D, the specification 
of A is a specification of the airworthiness 
in the presence of E and H. Since variations 
of the grid pattern would represent a change 
of E it does not necessarily follow that the 
optimum value of A to minimise D is the 
same for all E’s. D however can be 
minimised for any finite set of E’s. If we 
consider A from the point of view of maxi- 
mising Y, that is maximising the number of 
points gained, there is no reason to believe 
that we should arrive at a_ similar 
specification for A. 

It is now possible to extend this notion of 
the game by removing the complete informa- 
tion available to the player at, or before, the 
start and for this purpose it is convenient 
to assume that each individual grid pattern 
is chosen by a disinterested neutral from an 
appropriate finite set of E’s. Some of the 
black squares of this pattern might be con- 
sidered to be laid down at the start; this 
would correspond to topographical features, 
in respect of which there was at all times 
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precise navigational information. Some of 
them might be laid down by the neutral only 
when the players “ piece” is within a certain 
number of squares from them. This number 
of squares would correspond, for example, 
to visibility. Some of the squares so laid 
down might have been previously announced 
as lying within certain regions and in some 
cases they may be qualified by the announce- 
ment that they will be in particular places 
with varying degrees of probability. 

In any or all of these circumstances there 
js at every stage usually one best move to 
make with a view either to maximising Y 
or minimising D. Such moves we should 
describe as rational moves and a departure 
from them constitutes an error of judgment. 
It is important to realise that in the course 
of a particular play in the extended form of 
the game, a rational move may lead to enter- 
ing a D square where an irrational move 
would not. A rational move gives the best 
expectation; as Keynes says “to distinguish 
between rational belief and mere belief 
—- is not the same as the distinction 
between true beliefs and false beliefs.” 

If we now imagine this game to be 
extended from line time to space time, we 
have a rough picture which bears some 
resemblance to air transport. One important 
exception is that we have regarded A as 
being constant throughout. If it is not con- 
stant, for example if there were a failure of 
some part of the aircraft mechanism, the 
effect is the same as if, for example, the 
move rule were suddenly changed to some 
other value at some point in the play. This 
change again would be brought about by the 
neutral participant working from an appro- 
priate set of schedules, and the player could 
be informed in advance as to the content of 
the set of schedules, although he might have 
no means of judging which particular one 
was to be used. It is necessary to use the 
word “might” since for air transport the 
pilot might have some knowledge about the 
state of his aircraft before the flight began. 
It is easy to see that the simple grid concep- 
tion adopted could be elaborated to make 


_it more realistic, but I think that this would 


be rather confusing. 

Two points are plainly brought out, (1) 
the amount of information which the player 
has at any time about the grid pattern and 
(2) the moves which the A specification 
allows him to make. Insofar as anything in 
the A specification influences the amount of 
information (for example it might put a 
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lower limit to the number of intervening 
squares which must exist at any time when 
any pattern element is laid down) then it is 
an important factor in airworthiness. The 
aircraft is a mechanical extension of man, 
and this mechanical extension works in two 
ways, (1) in influencing the information 
supplied to the pilot, comprehensively called 
the display and (2) by that quality which we 
might call tractability which, corresponding 
to the permitted moves, delimits the conse- 
quences of the pilot’s actions. This is 
illustrated in Fig. 4. * 

In this diagram the block marked Environ- 
ment represents the H-centric environment, 
Display the mechanism by which some 
abstraction from, and or transformation of, 
E is presented to H, the Pilot, and the 
Machine block represents action trans- 
formation of the mechanical extension which 
is fed back to the E block. The H-centric 
environment is subject to changes of two 
kinds, i.e. those dependent on and _ those 
independent of, the transformed actions of 
H. Alternatively, if E is not to be regarded 
as H-centric then it must be appreciated in 
respect of an independent framework, which 
framework is also used for the current 
appreciation by H of his own “ position.” 

It is to be understood that in using the 
words “ position ” and “ framework ” we are 
not limiting ourselves to space time frame- 
work, but that what we might call the state 
of the environment and the state of H (of 
course understood to be extended by A) is 
specified by as many co-ordinates as are 
necessary to define them. The H-centric 
state of E might be conveniently called the 
situation of H. It will at once be seen that 
either of the two states together, or one of 
them and the situation is sufficient for a com- 
plete specification, but in some cases the 
situation alone is available (c.f. the conse- 
quences of crossed controls). (The states 
and/or situation appreciated by H at time T, 
comprises firstly some abstraction and/or 
transformation of the state or situation exist- 
ing at some earlier time, say T_,, according 
to the best of H’s information.) In addition 
he has some information as to the future 
states of the environment. E, E., E., and 
so on corresponding to T, T.,, T., and so 
forth, and as to his possible future situations, 
i.e. the possible state of H-centric E which 
can be brought about by his actions. This 
concept is illustrated in Fig. 5. 

Included in his information is, of course, 
his recollection of the past states and 
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situations, both in the current series of events 
and his past experience. It is a fact of 
experience that in cases like this the state 
E; is not independent of the state Ej_, 
although this serial correlation tends to 
insignificance further into the future, not 
necessarily equally in respect of all 
co-ordinates. 

There are classes of tasks, e.g. tracking a 
target against a neutral background, where 
only the situation is available and what can 
be deduced about the E+ section of the 
series (of course H-centric E) can only be 
deduced from the E- group usually limited 
to few terms. A state of affairs much of 
this kind can arise in instrument flying"), 
but it is fundamentally different in character 
from that first described. If we were to look 
at what might be called the micro-mechanism 
of flying the interval between the successive 
T’s might be very small, e.g. as little as 1/5 
sec. and the immediate action on the part of 
H would be the movement of some control 
levers. 

The consequential effect of this movement, 
having regard to the nature of M and also of 
E, would not be uniform to this movement 
any more than the movement say of a pawn 
in a chess game has a consequence inde- 
pendent of the state of the game; but it does 
seem to be true that at the moment when an 
accident becomes inevitable, i.e. there is no 
form of move open to H which can avoid 
it, the preceding move (i.e. which could 
have avoided it) was unique. Once again in 
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the strict meaning of the term we should 
then say that the failure to select this move, 
given adequate information, constitutes an 
error of judgment. I think that this is a 
much narrower view of an error of judgment 
than that which would usually be employed, 
say in the report of an accident investigation. 

Since chess is a determinate game (ie. if 
the theory of chess were completely known 
and each player made the best move open 
to him the result of the game would always 
be the same, that is always one and one 
only of a draw or a win for the first or second 
player) a game of chess can only be lost by 
an error of judgment, although it can be won 
in spite of errors of judgment if those of the 
Opponent are more serious. This becomes 
obvious if we consider a very simple game of 
the same type. For example, noughts and 
crosses, which is strictly determinate, the 
results always being a draw in the absence 
of errors of judgment, which in this case 
only require a low degree of: judgment to 
avoid. The system of playing the game of 
noughts and crosses can be expressed with- 
out the necessity of particularising all the 
possible play combinations. It is thus 
possible, and usual, to classify groups of 
moves in terms of strategical elements (e.g. 
the Sicilian defence) and so on, which do 
not define the precise moves. 

Although the type of contest with which 
we are concerned does not necessitate the 
competitive notion of strategy, similar types 
of group moves are employed so that the 
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elementary moves of the micro-mechanism 
are extended into wider concepts like stroke 
production in ball games and more compre- 
hensive strategical groups, the elementary 
moves being controlled para-consciously. It 
is only in certain elements of air navigation, 
of which the act of landing an aeroplane is 
an outstanding example, that the micro- 
technique is important. For the most part, 
errors of judgment are errors of strategy and 
in so far as the display simplifies the choice 
of the best strategy and the response 
characteristics of a mechanical extension 
enlarge the strategical possibilities by 
extending the repertoire of the micro- 
mechanism, these two qualities represent 
the major contribution to safety in particular 
environments. 

It may be useful at this stage to say a few 
words on the subject of environment and to 
consider it in relation to a particular route, 
although obviously any group of routes could 
be included in the environment schedule. The 
natural environment, which might be use- 
fully called the terrain, is specified by the 
geographical and meteorological character- 
istics. From an economic point of view the 
traffic potential and allied factors may be 
regarded as part of the natural environment, 
but if we concern ourselves primarily with the 
question of safety, i.e. absence of damage, 
then the most important thing to note is that 
natural environment can be transformed in 
two ways, (1) by selection in time at the 
expense of regularity and (2) by physical 
transformation, such as construction of air- 
fields. On the display side everything which 
adds to the information of the pilot, e.g. 
meteorological forecasting, radio communi- 
cation, and all kinds of ground-based 
navigational aids, enter into the picture. 
Since it is the interaction between A and E 
which, at a given A level, determines the 
amount of damage it is clear that there is a 
choice between action in respect of the 
selection (in time) or modification of environ- 
ment and action in respect of the choice of 
the aircraft. | How this choice should be 
exercised would be manifestly determined 
by the effect on the net yield, but this adds 
greatly to the alternative choices and con- 
sequently increases the difficulty of giving 
any precise significance to airworthiness 
characteristics. In these circumstances there 
are obvious advantages in specifying what 
the aircraft characteristics are, so that the 
corresponding values of D in different 


environments can be estimated as occasion 
arises. 

Before considering the question of how 
this might be done it is worthwhile to sum- 
marise the preceding section and _ the 
inferences which may be drawn from it. In 
general we are concerned with the results of 
the actions of H on D, X and Y ina series of 
plays in which the grid patterns are furnished 
by a neutral in the manner set out, the grid 
patterns being drawn from a finite set, this 
finite set being determined by environment 
potential and the result of artificial trans- 
formation of terrain. The first point to note 
is that at any starting point of play, the 
player H may have varying degrees of infor- 
mation concerning the grid pattern and that 
further information may be added as play 
proceeds. The grid patterns cannot be 
regarded as drawn at random from the finite 
set because it is a fact of experience that, 
in some degree, they are serially correlated. 
The average of D over an extended series 
of plays will thus depend on (a) the nature of 
the grid pattern during these plays, and in 
this the player has had a partial choice, (b) 
the amount of information available before 
and during the play, and (c) the scope of 
the moves permitted to him by the rules. The 
game is thus one of skill, with some chance 
element, which in terms of expectations is 
strictly determined if the player exercises 
the maximum skill. 

If we substitute for the skill of the player 
a series of chance moves determined, say, by 
the throwing of a die, the outcome would 
again be strictly determined in the sense of 
expectation, but it would be manifestly 
different from that of a skilled player. It 
is particularly to be noted that the amount 
of information now becomes irrevelant. It is 
thus seen that only that element of the game, 
about which the player has no information, 
would have to be determined by chance, and 
this complete absence of information postu- 
lates that the serial correlation between such 
elements is zero; it is only in respect of such 
elements that the expectation of D could be 
determined on the basis of frequency alone. 
We can also consider the effect which varia- 
tion of the move schedule (i.e. the 
specification of A is now a central limit), 
would have on the play and also whether the 
limit has more than one value during the 
course of the play, and the additional 
circumstances in which A has a definite trend 
during each play. The inferences drawn 
from the constant A apply to the variable 
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of these variations, their effect will depend 


In so far as the player has knowledge 


on the skill which he exercises. If he has 
no knowledge of them, their effect on the 
expectations would be determined by the 
frequency of the occurrence of the variations. 

In certain respects, if we wish to make the 
game more representative of air transport, 
the player is able to exercise some control 
over A at the start, e.g. by choosing the 
starting weight and, since the weight may 
vary significantly during flight, to exercise a 
partial control over A during the whole 
flight. If he has no knowledge at all of the 
variations and no knowledge of the grid 
pattern other than the frequency of elements, 
then he would have to choose his starting 
weight solely from this knowledge. It is 
apparent that this is quite different from 
what he would do if he had complete or 
significant, although partial information. Let 
us now turn to the specification of A con- 
cerning which we have only said that it 
requires a sufficient number of co-ordinates. 
It is effectively the same thing as saying that 
A; has a large number of component 
variables as [a;,, Qi... 
Since environment also is a multi-variant 
function we could replace A and E in the 
» and wv functions by their elements thus:— 


X = D=Uay, exis H) 


NORTH 


We have already treated H as being 
invariant. What we are now interested in js 
to consider how far it is possible to consider 
the effects of individual variables on D, or 
alternatively how far some of these variables 
can be grouped together as_ subsidiary 
functions. The general nature of this 
problem has been discussed by Wassily 
Leontief“). 

In discussing airworthiness it has long 
been considered that certain sub-sets of E 
are convenient, namely those which consti- 
tute the terminal conditions and those which 
constitute “en route” conditions, and since 
there are certain A elements which are only 
relevant to the terminal conditions there are 
some corresponding sub-sets of A. (Non- 
exclusive sub-sets of A are permissible) 
Since some 50 per cent. of all accidents are 
said to take place in the terminal environ- 
ment'*) this is clearly advantageous. How 
far is it permissible to break down the 
variables A; and Ey? If aj is a sub-set of 
A, and e,, a sub-set of E, then if dj; is the 
element of d corresponding to [ajex |; 

dja = [ajex |1,H) 


Dx Vial | 1) 


only if the d;, are independent, i.e. there 
are no interactions above the ae level. This 
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is a question on which we have little real 
information, although it is implicit in most 
airworthiness specifications. 

Many of the a and e elements are not 
measurable quantities and can only be 
matters of opinion based on inequalities in 
respect of some arbitrary and imperfectly 
defined datum. 

Although some such procedure is the 
only way in which the specification of A 
can be made known to H, other than the 
knowledge of it which he gains for himself 
as the result of actual experience, either by 
trial or actual plays it would be unwise to 
assume that uniform standards of air- 
worthiness can be arrived at in this way. 

In some cases the independence of ayjex 
appears plausible, but in others it seems 
that interactions are important. It may be 
useful to consider this in another way. We 
might replace the unique elemental black 
square by a series of tinted squares bearing 
some number between 1 and 9 inclusive 
(Fig. 6). We might then attach to A, in 
addition to the moves prescribed by the 
rules, some integral number, which has an 
A attribute, and now modify the game so 
that no points are lost by say (A 7) through 
passing over, or resting on, a square bearing 
a lesser number. It is obvious that if all the 
“black ” squares were of the kind described, 
then the grid pattern would be irrelevant to 
A(10) and there would be complete freedom 
of action and no judgment would be 
required. Even if only some of the black 
squares were of this kind then the greater 
the “number” of A the greater will be the 
degree of freedom, i.e. the easier the task. 
If the number of points which can be 
gained are now reduced as the “ number” 
of A increases, we have the new problem 
of finding the best number to attach to A 
to give the highest expectations of Y, or as 
an alternative problem the lowest expecta- 
tion of D. 

If the play series is to extend over a long 
period corresponding to some years of 
Operation then the influence of serial 
correlation will be insignificant, except for 
Periodic effects (such effects only influence 
the choice of sub-populations) and the choice 
of A would have to be based on the know- 
ledge of the content of the grid pattern 
portfolio, from which an estimate can be 
made of the frequency with which different 
patterns may be expected to be drawn. In 
effect, so far as the grid pattern series is 
concerned, we must fall back on frequency 


theory, and after having selected an appro- 
priate set of grid patterns in this way we can 
estimate the expectation of Y and D for any 
particular A at a given skill level of H, 
including freedom of starting choice. The 
influence which the nature of the pattern 
will have on this result is not simple, since 
even in the absence of information before 
and during the play the frequency of 
encountering “ black” squares above the D 
threshold value does depend on the “ shape ” 
and “size” of the “black” square groups 
and the nature of their distribution. 

In our simple example of the line time 
(LT) diagram, it is easily seen that if they 
are elongated in the L direction the best 
results will be obtained by using the highest 
possible L move. A still further approach 
to realistic conditions would be cases where 
the threshold D value was the sum of con- 
secutively numbered black squares, which 
would lead to very different results. The 
most, I think, we are likely to be able to 
say is that the expectation of D is a non- 
increasing function of the A number. 

It may be interesting to consider a 
practical case in air transport where very 
little information is likely to be available, as 
for example the strength of the structure in 
the presence of gusts). We might imagine 
the space time grid as containing elements 
number 1 to 9 representing the region in 
which a particular aeroplane having that 
integral number would just suffer structural 
failure. What precisely would be meant by 
the frequency of such gust conditions has 
already been discussed. What must be 
known is how often the skilled player H 
may be expected to encounter them, using 
a particular aircraft whole “ number ” which 
he is capable of altering within limits by 
adjusting the initial starting weight. The 
initial starting weight, in any case, may be 
limited by the available commercial load; it 
may be influenced by the quantity of fuel 
to be carried, and other considerations, and 
there is a steady increase of the A 
“number ” as a result of the consumption of 
fuel. Furthermore, H can virtually alter the 
A “number ” by changing the L move scale, 
that is to say altering the speed. The A 
number may not depend only on the load 
factor and the other parameters which relate 
the load factor to gust conditions, but may 
also depend on other qualities which 
influence the effects of the gusts. 

Where the relevant environment factors 
are deduced from actual observation in 
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typical aircraft, for example by V-g records, 
most of these difficulties are short-circuited 
and the deduction may be applied with some 
confidence to determine the failures which 
may be expected at any load factor level, 
provided other relevant parameters are 
allowed for, or alternatively can safely be 
assumed to be of little significance. The 
general nature of the problem is little altered 
by assuming that the relevant A number is 
a central limit, provided sufficient informa- 
tion exists as to its distribution. It should 
further be borne in mind that the distribu- 
tion which is relevant is the distribution 
estimated from sampling under operating 
conditions and would take account of the 
effects of maintenance and selection on the 
de-generating effects of other environmental 
conditions. There is little doubt, I think, 
that such sampling would suggest the exist- 
ence of upper and lower limits and a skewed 
distribution. 

If we now consider in respect of some 
other characteristics the effect of a change 
in the central limit, e.g. as the result of an 
engine failure, then very many of the above 
observations will apply. Those which are 
special to cases of this type will be discussed 
under the heading of Reliability. 

The inference to be drawn from the fore- 
going appears to me to be that the a priori 
approach offers little hope of usefulness; 
either the hypothesis employed will be so 
simplified that the deductions from them 
may bear little or no resemblance to exper- 
ience or alternatively they will be so 
complicated that it is impossible to make 
useful deductions from them, if only for lack 
of information about many of the vitally 
important parameters. 

Generally speaking the method of 
approach has been a variational one. Any 
change of airworthiness requirements from 
current standards is examined for its effect 
on those aircraft properties which influence 
X. Any change of A thought to be favour- 
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able to D is accepted if its adverse effect on 
X is small. 

This is essentially an evolutionary process 
and its effect on safety is really influenced 
by the marginal X value of environmental 
extension. 

It is interesting to compare this problem 
with others dealt with by operational 
research methods‘. 


RELIABILITY 


When one considers the reliability of 
mechanisms, and I include structures under 
this heading as stmply a sub-division of 
mechanisms, it is immediately noticeable 
that the idealised abstractions of real 
mechanisms which are used for purposes of 
engineering calculations almost without 
exception have a 100 per cent. reliability, 
provided that the domain of the environ- 
ment for which they are designed is not 
exceeded. I should make it quite clear that 
in using such words as “ real,” I am not in 
any way concerned with their metaphysical 
aspects but to distinguish, for example, 
between the real and_ the idealised 
mechanism as between a percept and a 
concept. 

If it were possible to use for purposes of 
calculations (i.e. prediction in advance of 
experience) concepts which approach suff- 
ciently accurately to real mechanisms, then 
these calculations would predict failure; this 
prediction would be precise in individual 
cases if all the parameters were known, but 
it is obvious that, if only for the reason that 
the separation between a mechanism and its 
environment is an arbitrary dichotomy of 
the universe that the number of parameters 
must be limited. The effect of the residuals 
must be included and, in consequence, the 
reliability would no longer be the subject of 
precise individual calculation, but would be 
subject to random error. 

It is convenient to think of a particular 
piece of real mechanism as being represented 
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Fig. 8. 
(Region “A,” Fig. 7.) 


at a particular instant of time, by a 
state defined by a sufficient number of 
co-ordinates. If we assume for the moment 
that the environment is held constant without 
going into just what this would mean, the 
ordinary idealised cyclic mechanism would 
pass through its initial state at the conclusion 
of each cycle and every instantaneous phase 
of each consecutive cycle would be identical. 
This correspondence is consistent with the 
idea of continuity. If, however, we accept 
that in the real mechanism there would not 
be a precise correspondence between the 
instantaneous consecutive phase states but 
that these would be different only by random 
terms, then the idea of continuity becomes 
more difficult and it is perhaps worthwhile 
to - at the whole process from another 
angle. 

Let us consider a type of mechanism 
which is normally regarded as discontinuous 
in character, say for example the tossing of 
an unbiased coin. The ordinary conception 
of consecutive coin tossing is represented by 
a square wave probability in time in which 
the probability function of time has only 
the values 0, 1 or 4. If the probability we 
are concerned with is heads, then the 
probability is one when heads have turned 
up, is 0 when tails have turned up and at 
all other times is $4. This scheme for such 
a discontinuous probability function is 
shown in Fig. 7. 

Strictly speaking the probability can never 
be known to be 4, 1 or O at any time, but 
we have imported the 4 probability by the 
definition of zero bias and we accept the 
probabilities at 1 and 0 by the exclusion of 
rare phenomena of a psychological character. 


PHASE PLANE DIAGRAM OF IMPACT 


Ph 


DISPLACEMENT 


VELOCITY 


Fig. 9. 


We are, of course, speaking of a probability 
in the case of 1 or 0 on the evidence that a 
coin is seen to be at rest with a head or tail 
uppermost. To say from experiential 
evidence that the probability is in the 
neighbourhood of 4 is of course a statistical 
inference and subject to the rules of practical 
judgment which underlie statistical inference. 

Now, if we think of the actual process of 
coin tossing it is manifestly clear that the 
probability does not instantaneously change 
from 4 to 1 or 0. If, for the moment, we 
replace the head tossing by two equally 
matched contestants in a race, the words 
“equally matched” being of course an 
expectation, the probability is 4 before the 
race starts and is 1 or 0 when it is finished, 
but we should have no hesitation when 
watching such a race in believing from time 
to time, as the race progresses, that the 
probability is fluctuating considerably each 
side of 4 and we should arrive at this by a 
psychological process of statistical inference 
which, I think, simply amounts to that in 
assuming at any particular moment in the 
race we could appreciate the state of the 
race and from experience of a large number 
of such races having been run it would have 
been found that given that state at that 
particular moment, one particular contestant, 
more often than the other wins; in other 
words there exists during the run of the race 
a probability change. At intervals after the 
first observation, we might make another 
assessment of the state and if we regard the 
state as having changed, i.e. there is a just 
perceptible difference in state, then we would 
be prepared to make a change in our 
estimate of the probability. Just perceptible 
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difference is itself subject to the restrictions 
imposed by statistical inference. 

If we now turn to the coin tossing cycle 
from the instant in which the coin is picked 
up and the probability ceases to be 1 or 0, 
but there is a possibility of a departure from 
the 4 probability and this departure 
oscillates up to the instant when it once 
again becomes 1 or 0; the whole of this 
process corresponds to the run of a race, 
although it is certainly possible that for a 
considerable part of the early stage of the 
cycle the probability would be insignificantly 
different from 4. This is indicated by Fig. 
8 which represents an enlargement of the 
region A in Fig. 7. 

The point at which the departure from 
4 probability becomes significant would, in 
the case of other gambling machines, be 
sometime after the point at which the 
croupier calls “rien ne va plus.” It will be 
seen that the representation of Fig. 7 is 
similar to that used in the classical theory 
of mechanical impacts and may be compared 
with Fig. 9, which shows the phase plane 
representation of this classical theory. 

The mechanisms of cuilision is suppressed 
in the same way that the variable probability 
of Fig. 8 has been suppressed in Fig. 7. If 
we now return to the idea of the machine 
then the diagram of Fig. 8 might represent 
the typical life history of the machine which 
has been started up and run until it fails. 
Without defining what failure means, but 
assuming that we have a definition, we are 
able to perceive that the machine has failed. 
When it has failed the probability of failure 
is one. 

The initial probability cannot be 
expressed in this way. The actual value, 
except in respect to some finite interval 
would depend, of course, on the sequential 
scale chosen and there does not seem to be 
any a priori ground for assuming that this 
scale should be represented by Newtonian 
time. If what we need to estimate is the 
expected length of time which the machine 
will run, then we must find some means of 
transforming the sequential scale into 
Newtonian time; setting apart this difficulty 
which must be approached in an entirely 
different manner, we can at least identify the 
probability values with the state in the same 
way as we did in the race. The process of 
inspection and initial testing of the machine 
of the type conventionally employed is an 
attempt to see that the initial state is con- 
sistent as far as practicable wth the required 
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expectation; any form of display used on 
the machine during its subsequent life, for 
example, displays of pressure and tempera- 
ture, are intended to give evidence as to the 
state by choosing some co-ordinates which 
are regarded as important evidence. 

If in comparison with Fig. 8 we represent 
the history of a particular mechanism in a 
particular serial environment by its con- 
secutive states so that M,(1), M,(2) . . . M,(n), 
in the environments E,(1), E,(2) . . . E,(n), 
M;,(0) being the starting state then any state 
M; which constitutes failure will occur ata 
definite value of n if M,(0) and the E,, series 
are completely specified (see Fig. 10). 

All possible states would be M,,,, where 
m and represent the number of 
co-ordinates and their respective values. 
M,(0) the starting state as also any other 
M,( ) must be contained in M,,». 

If E(t) E(t) E,(t) represent various serial 
environments then for each M,(0) E,(t) there 
will be a value of ¢ at which failure will 
occur. Insofar as the mechanism is con- 
cerned, for any particular serial environment 
the failure-free life will depend on, and only 
on, the starting state. These starting states 
are partially identifiable, as is also the 
environment. Some identification of the 
failure region should be possible and indeed, 
is. The complex nature of the states makes 
it impossible to appreciate more than a few 
of the co-ordinates, hence the region within 
which identification is possible may 
necessarily be large. . 

It is not difficult to see that an estimate of 
the population M,E,(t) from experiment 
directed to determining the values of t is 
extremely difficult. Obviously the samples 
will be not only small in size but it seems 
impossible to secure unbiassed samples. 
Much useful information might be gained by 
examination of the fluctuation phenomena 
of large samples under representative work- 
ing conditions. It is possible to see that, 


at least with respect to some co-ordinates, 
the successive states may be reversible or 
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irreversible and that it is the reversible 
elements which contribute principally to 
“near failures” with subsequent recovery. 
If the serial intervals were chosen such that 
the serial correlation of states were very 
small then the reversible components would 
contribute to an exponential distribution 
of life in terms of interval numbers subject 
always to the irreversible trend. 

Figure 11 illustrates the failure of a 
mechanism in which the modes of failure are 
represented by any radial direction, e.g. 
A-A. The oscillatory components repre- 
sent reversible effects—the trend the 
irreversible. The influence of these two com- 
ponents on the distribution of failure—free 
life is obvious. No significance should be 
attached to the actual shapes in the figures. 
Since two machines starting with identical 
states in identical] serial environment must 
fail at the same time, observed variation of 
failure-free life on two “ similar” machines 
in “similar” environment must be due to 
undetectable differences in the starting state 
and the serial environment; there appears 
no obvious experimental method of 
determining the relative contributions of the 
two sets of residuals to the interaction. 

There are certain possibilities which it 
would be outside the scope of this paper to 
pursue, but the difficulty of estimating by 
sample experiments the reliability of a 
machine in terms of the distribution of 
failure-free life (in Newtonian time) is 
obvious. To speak of the probability of 
failure, say of an aircraft engine, as being 
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equivalent to the number of observed failures 
divided say by the total number of flights 
seems to me to be quite inadmissible without 
a close examination of the whole structure 
of the statistical data. The compound 
probability of the failure of two or more 
engines in the same aircraft is far more com- 
plex when regard is had to the close 
similarity of the serial environment and 
possibly the starting states. Even if there is 
any meaning in speaking of the probability 
of the failure of a single engine (and there 
is evidence that elements of statistical routine 
sometimes appear even when there seems 
little reason to expect them) I find it 
impossible to believe that the compound 
probability of the failure of two or more 
engines in the same aeroplane is equal to 
that for similar engines each in a different 
aeroplane. 


The element of randomness lies in the 
degree of ignorance of the starting state and 
the serial environment. If something is 
known about the former and some control 
can, in consequence, be exercised over the 
latter, the frequency theory of probability at 
least in its simple form is not applicable. 


There is a general feeling that what are 
commonly called “complicated” mechanisms 
are more likely to break down than simple 
ones. This idea is an extension of the “ weak 
link ” conception’). True complexity lies 
in the increase of the number of modes of 
failure and is not necessarily associated with 
the superficial aspect of a mechanism. 
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The process of paralleling or duplication 
has certain apparent advantages. In any 
given interval failure of two parallel elements 
is usually less likely to occur than one. How 
much less likely, for the reasons already 
stated, is uncertain. 

If the failure of one of a pair of duplex 
elements occurs then the quicker the environ- 
ment is changed to a “ safe” one in the new 
condition the better. For example, if after 
the failure of one of a pair of engines a 
landing can safely be made soon after the 
failure, then the security from duplication is 
much greater than if flight must be con- 
tinued for a considerable period. This is 
well known and practised aircraft 
operation. 

Similarly in the case of parallelism in 
different degrees much depends on _ the 
operational practice. If, for example, radar 
equipment were added to supplement visual 
aid even if the radar equipment were un- 
reliable, it might at first sight appear to 
offer a definite safety advantage. If, how- 
ever, the consequence of fitting this supple- 
mentary device is the acceptance of more 
difficult environments (e.g. in terms of 
visibility) this is by no means necessarily the 
case. 

It is often stated as a matter of experience 
that supplementary devices are liable to 
break down just when they are most needed. 
In some cases this may be more than an 
illusion. 

Similar observations apply to so-called 
fool-proof devices, which by inducing a false 
sense of security can be positively dangerous. 

On the whole we seem to have to depend 
largely on engineering intuition for interpre- 
tation of such evidence as we can provide 
in the early stages of special experience. 

This intuition, which depends much on the 
experience of one or more persons, might 
be greatly extended by appropriate investiga- 
tion of operational experience. It is 
remarkable that there appears to be little 
or no literature devoted to the reliability of 
mechanisms. No doubt this is in part due 
to the fact that just as there is a little work 
on non-linear mechanisms, since non-linearity 
usually gives rise to objectionable parasitic 
phenomena which must be reduced to toler- 
able dimensions, so reliability is provided in 
most engineering applications by large, even 
extravagant margins between the “ capacity ” 
of the machine and the requirements of its 
environments. This margin jis much 
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narrower in aeroplanes and hence the 
problem is of much greater importance. 


SPECIFICATION 


Nothing has been said so far as to the 
manner in which airworthiness is to be 
specified. Since it has been suggested that 
airworthiness is not something which in itself 
implies safety, but merely an increase of the 
capacity of man’s mechanical extension, it 
follows that any standard of capacity may 
be used to give various combinations of 
safety and environment. The process by 
which this division between caution and 
enterprise is controlled is, I believe, a regres. 
sive one oscillating about the currently 
acceptable safety standards. 

So far as fare-paying passengers are con- 
cerned their conception of an acceptable 
safety standard will be determined by their 
individual outlook. That is to say that they 
will accept as a zero increment of risk what 
they regard as being normal to their way of 
life. It is the existence of this threshold 
value which makes comparison with the 
safety of travel by train misleading. For 
most people train travel is below the 
threshold value and the idea of risk 
associated with travel by train does not enter 
into their judgment as to the desirability or 
otherwise of a train journey. 

The acceptance of the current rate of road 
accidents is a reflection of the varied evalua- 
tions of the maximum “ yield ” of car travel 
by different drivers and passengers— 
probably a highly stratified population. Air 
passengers are no doubt influenced by the 
accounts of accidents of which they read in 
the papers. The comparison of acceptable 
risk on a passenger mileage basis between 
car and air travel for these reasons has little 
or no meaning. 

Since it is generally the practice for some 
central authority in a civilised community to 
exercise in many directions a control over 
the lives of the members of that community, 
it is not surprising that aviation should be 
no exception. The balance of the merits and 
demerits of such a control would involve a 
discussion far outside the scope of this paper, 
but it is perhaps as well to consider some 
of them qualitatively. This function of 
central authority is generally taken to be 
the protection of innocent members of society 
against the consequences of the actions of 
incompetent, negligent or dishonest persons. 
In exercising this laudable function it 1s 


: 
oul 
bat 
ant 
as 
( 
0) 
(3) 
7 
(4) 


little 


some 
lity to 
unity, 
Id be 
ts and 
yIve a 
paper, 
some 
on of 
to be 
ociety 
ms of 


rsons. 
it 1S 


SOME ASPECTS OF THE RELATIONSHIP 


difficult, if not impossible, to avoid throwing 
out at least some healthy babies with the 
bath water. 

As to the merits apart from the control of 
anti-social activities they appear to me to be 
as follows:— 


(1) The certification of the attributes of an 
aeroplane by a disinterested and judiciai 
third party. It is difficult for interested 
parties to be a judge in their own cause. 


(2) A degree of uniformity which might help 
to reveal the consequential effect of rules 
of practice and to simplify their modifi- 
cation if experience suggests that it is 
desirable. 


(3) A central authority should have wider 
access to information and consequently 
its judgments should be formed on more 
comprehensive data. 


The demerits I suggest are these:— 


(1) A forced uniformity may be, and 
frequently is, a handicap to evolutionary 
progress. The survival of the fittest 
cannot exercise its influence if the range 
of variety is too restricted. 


(2) The necessity of specifying in advance 
of special experience the boundary 
between the fit and the unfit imposes a 
task of generalisation from experience 
which is beyond human capacity. 
Inevitably some unfit will be accepted 
and some fit rejected because of 
uncertainty. The latter will be in a large 
majority if the confidence level of fitness 
is to be high. 


(3) There is grave danger of excessive 
generalisation in the interests of what is 
called ‘‘ administrative convenience.” 
This phrase always makes me think of 
Dr. Johnson’s observation on patriotism. 
I see great disadvantages in excessive 
demands for calculations and tests where 
their cost outweighs the benefits to be 
derived from them; I do not, however, 
see any merit in whole numbers or in 
expressing requirements “simply.” It is 
sufficient that they should be unambig- 
uously interpretable by professional 
engineers. It is a fallacy that a simple 
question invites a simple answer, usually 
the contrary is the case. 


(4) What is specified as a minimum in effect 
tends to become a maximum. (c.f. the 
same effect inverted in price control.) 
The statement sometimes made that 
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responsibility rests on the aircraft con- 
structor to provide more than the 
minimum and that he should satisfy him- 
self whether or not this is necessary, 
seems to me unacceptable. If he is 
capable of assessing and can be trusted 
to assess the requirements, there is no 
need for a minimum. 


(5) Generalisations are disastrous when, 
although the interested parties and the 
umpire agree that a _ regulation is 
inappropriate, it must be worked to 
because it is a regulation. In my belief 
the salvation of airworthiness procedure 
has been, and will be, in the refusal 
of all parties to prefer the letter to the 
spirit. 

No doubt the special reason for the exten- 
sive control of airworthiness is due to the 
forced evolution of the aeroplane under the 
influence of war and the threat of war. Sea- 
worthiness has had some thousands of years 
of evolution under conditions which were 
competitive in the genetic sense. No doubt 
the fact that sea-going preceded the invention 
of writing was an advantage in the early 
stages. Tradition in maritime affairs has 
been so tempered by this long struggle for 
survival that it has the utmost value. I have 
often thought how interesting it would be 
to hear the observations of the master of a 
fully rigged ship if he were instructed to set 
his sails in accord with some operational 
regulations, particularly if these were based 
on the frequency theory of probability. 

However necessary, airworthiness and 
operational regulations may, by their very 
uniformity, create an untested tradition which 
in the interest of evolution ought, as a matter 
of principle, to be continually questioned. 
Unfortunately, if experience is circumscribed 
by restriction of variety it is difficult for us 
to extricate ourselves from the strait jacket. 

Confusion, I think, has sometimes arisen 
over the fact that aircraft found satisfactory 
in service do not conform to revised air- 
worthiness requirements. There is in my 
view nothing surprising in an aeroplane 
which does not conform with requirements 
having a_ satisfactory standard of air- 
worthiness. The trouble is that it takes 
several years to come to this conclusion, 
_ the inevitable sacrifice of the possibly 

t. 

In my belief the more reliance is placed on 
ad hoc engineering judgment the better. The 
complaint of “ unfair” competition suggests 
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that regulations should be regarded as some- 
thing like bunkers on a golf course. It is 
curious, having regard to the universal cry 
of safety first, that unfair competition is not 
regarded as being too safe rather than 
insufficiently so. 

In my view the best service which a world 
aviation authority can perform is to investi- 
gate, record and analyse experience, a task 
in which they may perhaps be aided by 
applied economists who are accustomed to 
struggle with the strange vagaries and 
equally inexplicable uniformities of human 
nature. I think that there is much to be 
learnt from the technique of econometrics. 
The study of the micro-mechanism lies in the 
field of the psycho - physiology of 
mechanically extended man. Some progress 
has been made in this direction which I 
believe to be worth more active pursuit. 

I have made no attempt to bridge the gap 
between the crude outline of what seems to 
me to be the underlying mechanism and any 
present practice in the field of airworthiness. 
This practice has been built up by an 
evolutionary process which I have no reason 
to criticise. A learned judge is reported to 
have said of luggage, “I cannot define it, 
but I know it when I see it.” Airworthiness 
and safety are somewhat of the same 
character as luggage. This difficulty is, I 
think, ever present in the minds of those 
who prepare and interpret airworthiness 
regulations. 

I am still somewhat mystified by the 
expression “ Safety First.” 


NOTE 1 


In considering the maximisation of Y 
which is analogous to net profit we are 
as always confronted with the problem of 
the long and the short issue. These may be 
reconciled if in respect of operations for 
any particular period the net amount of 
capital formation (including intangibles) 
during the period is ascertained. In Mr. 
Masefield’s paper) a table is given under 
the title “ British civil aviation—A national 
balance sheet.” The same table is described 
in his text as a Profit and Loss Account. In 
fact it is neither, since it does not show the 
extent of net capital formation. Credit is, 
however, suggested in respect of certain 
intangibles, one of which “ Provision for 
future revenues” is plainly intended as the 
formation of an intangible asset analogous 
to the treating of pre-incorporation losses as 
goodwill. 
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Since D may affect this particular capital 
formation, as also the other intangible 
* credits,” it must be borne in mind that the 
pure transportation function does not in itself 
suffice to determine Y. If Y, X and D were 
to be evaluated in terms of money it dogs 
not by any means follow that D is linearly 
related to any measure of accident rate. 


NOTE 2 


While there may not be great difficulty 
in recording accidents in time, there is more 
difficulty in analysing the records. This is 
common to the study of industrial accidents, 
If Y and D for a series of equal periods can 
be evaluated then the times series (D/Y)(t) 
is probably the most accurate indication 
of the fluctuation of the accident rate in time, 

The difficulty of doing this is apparent, but 
supposing that it could be done then the 
trend may be assessed by the recognised 
methods. The existence of trends revealed 
in this way depends on the assumption 
adopted for the statistical inference. 

A trend has been described by Kendall”) 
as a systematic, as distinct from a casual, 
effect. This distinction is essentially based 
on judgment. From time to time curves are 
published purporting to show the trend of 
safety in civil aviation by plotting the 
fatalities against the passenger mileage for 
yearly periods. That this is good evidence 
that civil aviation is getting safer is, in my 
view, open to question. A much more 
thorough examination of the fluctuation 
phenomena would, I suspect, reveal that the 
question is not one that can be answered 
with a high degree of confidence. 


NOTE 3 


Where human choice is involved with all 
its influence on behaviour J.P.D. is of the 
utmost importance. Roughly speaking for 
any current “value” there is a minimum 
difference which can be appreciated. If the 
scale by which an increment is assessed is 
the current value (i.e. when x is the current 
value any increment Ax has the value Ax/x) 
then if there is a constant uncertainty 
coefficient for the current value Ax must be 
the minimum to be perceived (or appreciated) 
at some definite confidence level. For time 
series it is easy to see that this must be a 
relaxation phenomenon. a 

X, Y and D are thus subjective in origi. 

Even if we concern ourselves only with 
statistical averages we cannot escape the 
effect of other trends in human affairs. 
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SOME ASPECTS OF THE RELATIONSHIP BETWEEN AIRWORTHINESS AND SAFETY 


“Familiarity breeds contempt” is a 
proverbial example of a relaxation phenome- 
non. It is worth noting that D could be 
negative, i.e. the dangers of flying might be 
less than those which are regarded as normal 
to an accepted way of life. 
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DISCUSSION 


Professor A. Tustin (University of 
Birmingham): The reader was plunged 
abruptly into ideas and nomenclature which 
belonged at present to specialised fields of 
logical analysis, and was left to sink or 
swim. The author had done a service in 
presenting this application of those ideas to 
a new field. 

The paper could best be understood and 
appreciated as an analysis of the nature of 
human judgment. The particular judgment 
which was analysed was that of the 
airworthiness of an aircraft, but the author 
was chiefly concerned with an analysis of 
what was involved in any such judgment 
and the fundamental difficulties in the way 
of assisting such judgments by formal rules. 
What he had attempted was to formulate 
explicitly in words and symbols those 
processes which were generally inexplicit, 
half conscious and intuitive, which entered 


into the processes of judgment in such 
complex situations. 

It was true, as he said, that judgments 
were right more often than the reasons which 
might be given for them, and this was 
because the faculties of the mind extended 
very far beyond verbal processes. In the 
processes which were described in such terms 
as “judgment,” “insight” and intuition. 
they did in fact think outside words and 
formal logic, and they did, although vaguely 
and obscurely, attempt such processes of 
schematic representation and “ visualisation ” 
of a problem and of “quasi statistical 
inference” which Mr. North had pegged 
down and made explicit in his paper. 

The schematisation of the problem as a 
“game” on a chequer-board, or rather as 
the collection of possible games and their 
outcome, seemed to be close to the kind of 
process which they habitually used in 
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“ judgments,” and to represent the kind of 
process which, compressed in time, and not 
wholly translated into words, must go on in 
the mind whenever a decision was made 
“To fly or not to fly.” 


Much was to be gained from schematic 
representation if not too much were sought. 
What chiefly emerged was a clear under- 
standing of why the problem was baffling. 
not an answer to it. 

A particular part of the problem lay in 
the assessment of the quality of the aircraft 
control especially in relation to the hazards 
of take-off and landing. The danger 
particularly to be avoided was that kind of 
oscillation between the pilot and what Mr. 
North called the “ presentation ” of precisely 
the kind which sometimes occurred between 
two equally polite pedestrians who met 
head-on in the street. This particular sort 
of problem was now becoming well under- 
stood, and it might well be that the impact 
of the new methods of approach which the 
paper had opened up would, in time, bring 
the more baffling general problems equally 
under control. 


Professor A. A. Hall (imperial College. 
Fellow): Mr. North had used the language 
of statistics and of psychology and 
physiology, with which he was not very 
familiar. He was not very clear that, when 
dealing with such a subject, it was necessary 
to argue by analogy and to argue in terms 
with which they were not entirely familiar. 
Maybe it was necessary—and he was not 
arguing against cross-feeding between 
sciences. They needed to be certain that, as 
aeronautical engineers, they could not discuss 
such matters without opening themselves to 
the possibility of using false analogies or. 
indeed, arguments of a kind with which they 
were insufficiently familiar to judge their 
accuracy. 

The matter was one of statistics, and 
statistics could be a bad master. In con- 
sidering airworthiness and safety, they must 
take account not only of the statistical 
trends, but also of the fact that occurrences, 
which might prove to be rare statistically. 
could nevertheless exert a major influence 
on policy, particularly if they occurred 
during the early stages of a new develop- 
ment. Some trends of policy in aviation had 
been as much influenced by early events as 
by statistical influences. 

An important contrast existed between 
civil and military aviation, in so far as a 
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single civil aircraft must, for economic 
reasons, fly very large total distances during 
its life, and the total number of a type which 
was employed was small; military 
aviation, each individual aircraft could be 
regarded as having a relatively short life, 
and the operations could be _ treated 
Statistically in the sense that the numbers 
employed were large. A number of new 
factors affecting safety thus appeared in civil 
aviation; the behaviour of materials under 
repeated loads which exceeded the fatigue 
limit was an example which had recently 
had some publicity. 

In assessing reliability, both the mean life 
and the variation about the mean were 
important. The variation about the mean 
was often a cause of organisational 
difficulties in maintenance. Manufacturing 
tolerances, as well as the treatment in use, 
would have an influence on both. He felt 
that serious investigation of the influence of 
variations in manufacture should be made 
whenever possible; by continuous study of 
laboratory testing methods, and of evidence 
from the maintenance shop, it was often 
possible so to improve the quality of 
manufacture as to reduce substantially the 
variation of life, and increase the mean life. 
Efforts in this direction were usually made; 
the point was that the efforts could often 
be criticised as being insufficiently detailed 
and the object of insufficient thought. To 
devise testing methods which reflected 
conditions which the article must meet was 
a difficult and highly skilled matter. He 
used the words “reflected conditions” 
rather than “reproduce conditions” since 
the latter was usually impossible. In a case 
he had in mind relating to a particular 
aircraft instrument, a most remarkable 
improvement in reliability had resulted from 
a serious attack on the problem of devising 
testing methods, of maintaining a continuous 
quality control and maintaining a continuous 
analysis of maintenance records. In this 
case, the effort put into devising testing 
methods considerably exceeded that put into 
the design of the instrument itself, and 
proved well worth while. 


In civil aviation particularly, a sacrifice 


of weight would often be justified 
economically if variation of life were 
reduced. Operators found a continuous 


source of difficulty in having to make 
changes of unserviceable equipment when the 
aircraft was far from its base. 
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Mr. North had said that it was well to 
rely On engineering judgment; he agreed, 
provided the judgment had full regard to the 
lessons of the past. Positive arrangements 
were needed to ensure a reasonable regard 
for experience, and to ensure a reasonable 
carry-over of the lessons of experience to 
newcomers. At the same time, care must 
be taken that past difficulties should not 
cramp the use of new ideas. It was against 
those backgrounds that the work of central 
agencies concerned with standards must be 
judged, and he did not wholiy agree with 
Mr. North’s remarks on that matter. 

Dr. J. R. Womersley (National Physical 
Laboratory): Professor Hall and Mr. North 
were on the same side so far as statistics 
were concerned. Indeed, what Mr. North 
was trying to do in regard to the reliability 
of equipment in its operational environment 
—for this matter had obviously broader 
applications than to the safety of aircraft— 
was the kind of thing that von Neumann 
and Morganstern had tried to do in the field 
of economics. For them, as for Mr. North. 
statistics were not enough, and they had 
made an entirely new approach to economic 
behaviour by studying the theory of games. 
and that was the concept that Mr. North 
had taken over. 


The question of reliance on engineering 
judgment, taking into account past 
experience, could be illustrated by the type 
of diagram shown in Fig. 11 of the paper. 
Two circles could be drawn representing the 
machine they started with, knowing not too 
much about the environment in which the 
machine was to be born. After operational 
experience, presumably, they knew more 
about what was going on outside and could 
spot some of the variations, and could draw 
great loops extending outwards from both 
the inner and the outer circles; thus the 
engineer could represent experience 
diagrammatically. 

Having thought about what happened an 
instant before an accident, he did not think 
it was proved that there was always a 
unique move. It could be appreciated in 
one or two simple cases; but when there 
were a multiplicity of means of avoiding an 
accident they might have a single infinity of 
choices at the last moment. 


Professor A. G. Pugsley (Merchant 


Venturer’s College, Bristol, Fellow): He had 
been rather sorry that the author had not 
enlarged on the empirical approach to a 
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greater extent. Mr. North referred to it as 
the evolutionary approach. Until about ten 
years ago, most of their work in Great 
Britain had followed that approach, being 
largely empirical, using lessons drawn from 
one accident after another to build up a 
“common law,” which was the beginning of 
airworthiness regulations. During the past 
ten years this process had still been going 
on but perhaps to a less extent than formerly. 
The alternative was ,to sit back in vacuo 
and produce a set of requirements, and then 
to modify them in the light of experience. 
This was somewhat the way in which the 
code of law had started in America, rather 
than in this country, but represented a 
current tendency among airworthiness 
authorities. 

There was much to be said for the 
empirical approach even now. Here he was 
at issue with some of the remarks made by 
Professor Hall who had apparently taken a 
rather short-term view of current airworth- 
iness problems. He agreed that in the 
empirical approach there was a tendency to 
concentrate on individual accidents and so 
some one accident might be given too much 
significance. 


The position was exactly parallel to that 
indicated by Mr. North verbally, when he 
had remarked that when going out of doors 
in the morning a decision had to be made 
whether or not to take a macintosh. In that 
case a short-term judgment was made 
comparable to that expected of a pilot. But 
that was not the main judgment they were 
called upon to make in connection with 
airworthiness. There the analogy might be 
that they were leaving home, not merely to 
go to the garden, but to journey to North 
Wales, for example, where they knew the 
extent of the rainfall was different from that 
in London. In effect they then considered 
long-term statistics, and would probably 
decide to take macintoshes to North Wales 
in any case, whether or not it was raining 
at the moment! This long-term statistical 
aspect of airworthiness was of central 
importance. 

In the paper Mr. North had referred to 
the organisation of an _ airworthiness 
Authority. Again the rainfail example 
might be used for purposes of illustration. 
If they decided to leave home without 
carrying a macintosh, they did not want a 
policeman outside to send them back because 
they were not carrying a macintosh. An 
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airworthiness Authority should take little 
part in that stage of operations; that would 
lead to an impossible situation. What they 
wanted the Authority to do was to provide 
the equivalent of the statistics of rainfall in 
London and North Wales. He agreed with 
Mr. North that one of the main functions of 
an airworthiness Authority was “to 
investigate, record and analyse experience.” 

In Great Britain the airworthiness 
Authority had always attempted, at least in 
some degree, to work on those lines; also, 
they had always endeavoured to disqualify 
the incompetent and dishonest. But there 
was still another purpose which he supposed 
an airworthiness Authority might be called 
upon to serve, and which he believed theirs 
had served in the early stages of aviation, 
but did not nowadays. 

To explain that early function by analogy; 
existing Codes of Practice relating to the 
erection of houses and other buildings sought 
to protect the public from unsatisfactory 
building. But another function of those 
Codes, and one valuable to the everyday 
engineer working in the structural field, was 
that they helped, not an incompetent person. 
but an ordinary person, to erect a satisfactory 
building. That was a great extension of 
power to an engineering community. It 
meant that an expert had not to be called 
in for the construction of every house. 


In the early days the airworthiness 
Authority had performed a function of that 
sort; did Mr. North think that a modern 
Authority should envisage this aim? 

He would prefer to see an airworthiness 
Authority so minded as to concentrate on 
endeavouring to ensure that aeroplanes were 
“airworthy” rather than that they were 
“perfectly safe.” 

N. E. Rowe (British European Airways. 
Fellow): He wondered whether the formule 
for X and Y and D were really sound; he 
would like to hear some justification of 
them. For example, it seemed to him that 
D (damage) might not necessarily be just the 
plain damage or difference between X 
(gross yield) and Y (net yield); the net yield 
might not be just X-D. It depended on 
the kind of damage. If it were a case of 
damage to prestige and morale, so that an 
airline or an aircraft was given a bad name, 
he supposed that that plain difference was 
right. But if D were regarded as propor- 
tional to the number of passengers damaged, 
that plain difference might not hold, and the 
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net yield might be the gross yield divided by 
some function of the yield, or the gross yield 
reduced to an extent which grew rapidly if 
D got out of hand. Again, D was not 
necessarily proportional to the number of 
fatalities. It might affect all sorts of other 
things which might not be damage to 
passengers or aircraft. It might be damage 
to the total yield. 

E was used for environment, and might 
be different with a given aircraft in similar 
air circumstances because, so far as the 
aircraft was concerned, the environment must 
include not only what the pilot and the 
crew were experiencing, but also the things 
that might be done to the aircraft on the 
ground, in connection with maintenance and 
things of that sort, the level of meteorological 
information available and so on. H also 
might depend on A, via flying characteristics 
in rough air and in landing. H also affected 
A through maintenance but in this case it 
was a different H. He wondered whether, in 
the approach followed by Mr. North, they 
should attempt to keep D independent of 
some of the other variables, in order to keep 
it at its minimum value. For example, was 
an aircraft likely to be safer if it were 
operated entirely on automatic control? 

He was not sure that he understood the 
statement in the paper that “It is quite 
unreasonable to expect to relate any qualities 
of an aircraft directly to risk of accident,” 
because it seemed that if an aircraft had 
particular qualities of stability and control, 
or perhaps particularly bad features in 
approaching to land, the risk of accident in 
that aircraft might be very different from the 
risk of accident in another type. 

He agreed with Professor Hall that it 
should be possible, by a properly conducted 
method of fixing tolerances to _ initial 
conditions, and then obtaining evidence on 
the spread of life, to give values for much of 
what went into the aircraft, which would 
determine the life and, therefore, facilitate 
the maintenance of civil aircraft. That was 
an extremely important prob‘em which 
should be tackled seriously. 

Mr. North’s comment on the importance 
of placing reliance on ad hoc engineering 
judgment was extremely sound; that was 
exactly how businesses were managed today. 
New features in design, especially structures, 
were tested, the results of the tests were 
considered with really good engineering 
judgment, and a decision was made as to 
what the final design should be. 
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THE PHYSIOLOGICAL ASPECTS 
OF AIR SAFETY 
by 
K. G. BERGIN, M.A., M.D., A.F.R.Ae.S. 


INTRODUCTION 


Safety in the air in simple terms means a 
reduction in the number of accidents. There 
are many factors which influence air safety, 
some of which are being dealt with by other 
lecturers; for my part I propose to consider 
a vital one, namely, the human link in the 
mechanism of control of heavier-than-air 
craft which, for all practical purposes, is the 
pilot. However much importance is placed, 
and rightly, on such factors as aircraft 
structure and performance, meteorological 
aids, ground traffic control, and the many 
other details which are concerned with an 
aircraft’s safety, the ultimate factor in this, 
as in practically every form of transport, is 
almost always the human one. 

Although there may be, and usually are, 
contributory causes leading up to an 
accident, subsequent enquiries frequently 
record an error of judgment on the part of 
the pilot as being the final precipitating 
factor. Whether that judgment is right or 
wrong, just or unjust, is not for me to say, 
but it does underline the vital importance of 
the physical and mental state of the person in 
whose hands the control of the aircraft lies. 
More correctly, such a finding might be 
described as a failure of the physiological 
link represented by the pilot, whereby the 
interpretation of sensory impressions received 
failed to elicit the correct response; incorrect 
action was then taken resulting in the aircraft 
being improperly controlled. In this respect 
I cannot do better than quote an extract 
from the official findings of the enquiry into 
a recent accident in this country, in which 
many lives were lost. The findings state:— 
“The cause must in all probability be found 
in the field of human fallibility on the part 
of those responsible for the control of the 
aircraft from the ground, or the flight of the 
aircraft in the air.” 

It is with some of the particular features 
of the physiological mechanism on which 
safety in flight depends that I propose to 
speak. Of necessity, on account of limita- 
tions of time, much detail must be omitted, 
all of which plays a definite, but at times 
unobtrusive part; this lecture will be con- 
a to the more important and obvious 
items. 


VISION 


One, if not the most important requirement 
for flying personnel is first-class vision. 
Without vision a man cannot fly, no matter 
how skilled, or how practised he is, or how- 
ever complete his instrumental aids; one of 
the first prerequisites is a high standard of 
vision by day and night. Furthermore, a 
wide range of accurate vision is required for 
flying. Long-range vision is necessary for 
recognition of landmarks and _ ground 
interpretation from the air, while short-range 
vision is necessary for the reading of instru- 
ments, maps and figures. In addition to these 
two extremes, two most important visual 
requirements are good powers of convergence 
and fixation, and satisfactory power of 
accommodation. 

Convergence, with fixation, is the power 
of the eyes to converge on an object which is 
approaching, or being approached. When 
the distance between the object and the 
viewer is rapidly decreasing, as occurs in 
flying, flexible control of this power is of the 
greatest importance for the maintenance of 
one stereoscopic image. This is achieved by 
the co-ordinated action of two complicated 
sets of muscles acting on both eyeballs as an 
integral unit. 

Accommodation is the power of the 
crystalline lens of the eye to alter its focal 
length according to the distance away of the 
object being viewed, and is brought about by 
changes in shape of the semi-elastic medium 
of which the lens is composed. Thus, for 
viewing objects at close range, the antero- 
posterior thickness of lens (and therefore the 
convexity) is increased, and vice versa for 
distant vision, the thickness being minimal 
when the normal eye is focused on infinity. 
These changes in shape are achieved by the 
action of small muscles at the periphery of 
the lens. It is clear, therefore, that not only 
has the eye itself, the receptor apparatus, got 
to be in near-perfect condition for the 
accurate reception of visual images focused 
on it, but the accessory mechanical apparatus 
must be in good working order, so that 
adjustments may be made to changing focal 
requirements. 


These attributes of convergence, fixa- 


tion, and accommodation are particularly 
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important as an aircraft approaches the 
ground to land, and as a means of assessing 
the position, speed, and change of direction of 
other aircraft in the air. Failure to judge 
such matters correctly, is the cause of many 
mishaps, particularly in the vicinity of 
aerodromes. 

The significance of these visual attributes 
from the point of view of air safety is that 
they can be noticeably impaired by fatigue, 
inadequate oxygen, illness or other factors, 
and the presence of any one of them in a 
pilot might create a potentially dangerous 
situation in the air, and must therefore be 
prevented at all times if possible, when flying. 

Night vision is of great importance in 
flying. In this connection it must be appre- 
ciated that an entirely different set of organs 
on the retina are responsible for vision by 
night as opposed to vision by day. 

Vision by day is accomplished by means 
of “cones” so-called because of their shape, 
whereas the organs, which operate by night 
under conditions of minimum illumination, 
the “rods,” are thin and cylindrical. Rods 
and cones occupy different, clearly defined 
areas on the retina, part of the latter being 
entirely covered with rods, part with cones, 
while in certain areas the two intermingle in 
varying proportions. The ability to see by 
night varies considerably different 
individuals, this variation being due to the 
difference in response of the rods in different 
eyes to illuminations of low intensity, the 
reaction being a _ photochemical one, 
dependent among other factors on _ the 
production in the rods of a substance called 
“* visual purple.” 

An individual’s night vision is adversely 
affected by a number of factors including 
glare, lack of oxygen, smoking, alcohol, 
inadequate vitamin A, or fatigue. It is 
reduced by as much as five per cent. at a 
height of only four thousand feet under star- 
light conditions, because of the lowered 
pressure of atmospheric oxygen and the 
subsequent decline at greater heights is 
proportionate, as shown in Fig. 1. It can 
be completely abolished by glare as shown 
in Fig. 2. Full night vision or complete dark 
adaptation takes 40 minutes. 

If the maximum safety factor is to be 
observed and a pilot is to be fully efficient at 
night, care must be taken to guard against 
all the above-mentioned factors. Thus, 
adequate oxygen must be available at all 
times, and direct or reflected glare must be 
avoided, whether from within the cockpit 
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Altitude in feet. Average percentage decrease 
in range of night vision. 
4,000 
6,000 10 
8,000 15 
10,000 20 
12,000 
14,000 30 
16,000 35 
Fig. 1. 


Decrease in range of night vision with altitude, 


itself, outside lights, torches, or incorrectly 
lighted instrument panels. Likewise fatigue 
must be prevented by appropriate limitations 
of flying times, and the provision of adequate 
resting facilities in flight and at intermediate 
stops. An adequate well-balanced diet must 
be provided and over-indulgence in alcohol 
or smoking avoided. 

The ability of the eye to appreciate colour 
accurately is necessary if air crew are to 
interpret landmarks, signals, and geo- 
graphical features, as well as differences in 
distance, which are indicated by variations 
in shade, a phenomena of which an artist 
makes use when wishing to convey impres- 
sions of varying distance on canvas. The 
condition does not warrant further discussion 
here other than to stress that correct colour 
vision is essential for safe flying. 


HEARING 


Another factor on which a pilot’s efficient 
operation depends is accuracy of hearing. 
This is necessary for air-to-air and air-to- 
ground communication, as well as _ inter- 
communication within an aircraft. Accurate 
interpretation of auditory signals as used in 
various approach systems is essential, if 
correct vital reactions are to be obtained. 

The constant bombardment of the ear by 
noise over a period of time, as experienced 
by an aviator, has been shown to cause a 
diminution in hearing acuity, known as 
aviation deafness. For many years it was 
not fully recognised, because the primary 
loss of hearing is in the higher frequencies 
only, but the recent introduction of more 
accurate forms of testing, particularly the 
electric audiometer, has revealed a consider- 
able degree of deafness, especially in the high 
frequency range observable in persons who 
have been subjected to excessive noise over 
a prolonged period of time. Although the 
condition starts in the high tone range It 1s 
progressive by nature, ultimately including 
low tones as well. 

Examples of various audiograms of aif 
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crew are shown in Figs. 3, 4 and 5, from 
which the hearing losses in the higher 
frequency ranges can be clearly seen. It 
is significant that the frequencies of inner 
marker beacons are 1,300 c.p.s. and fan 
markers, 3,000 c.p.s. 

The physiological explanation is a 
relatively straightforward one and the causes 
obvious, namely, the combination of such 
factors aS airscrew tip-speed noise, the noise 
occasioned by air flow over aerofoil surfaces 
and the vibrations and resonances in flight 
which occur within a structure such as an 
aircraft fuselage. The process is progressive 
and irreversible, and every effort should be 
made at all times in a pilot’s career to 
prevent its onset, or limit its progress as 
much as possible.. 

The chief method of protection for air 
crew is by means of suitably designed ear 
pads and secondly, the protection of the 
aircraft cabin as a whole by suitable insula- 
tion of the fuselage. The structure of 
pressure cabins materially assists in this 
respect. Investigations into the effect of jet 
noise on auditory acuity are proceeding at 
present, and there is evidence to show that 
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the effect of high frequency noise on hearing 
is a problem which requires constant atten- 
tion, including special measures for the 
sound proofing of cabins. 


OXYGEN 


The effects of lack of oxygen on aviators, 
although recognised to a certain degree, was 
not given the prominence it deserved until 
the late war, partly on account of the 
insidious nature of, its effects, and partly 
because of the early difficulties in implement- 
ing the necessary measures to remedy the 
deficiency. Many aviators will recall that 
they have flown for a number of years at 
certain heights not using oxygen, without any 
apparent deterioration in their physical or 
mental condition. Experimental evidence, 
however, has yielded irrefutable proof that 
relatively serious defects in a _ person’s 
physiological mechanism do occur at lower 
heights than was at one time supposed. The 
reason for the previous disregard of the 
effects of lack of oxygen is not far to seek, 
namely the nature of the symptoms them- 
selves which are not unlike the early stages of 
alcoholic intoxication. As is well known, such 
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Fig. 2 
Diagram illustrating how brief exposure to glare 
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symptoms give rise to a spurious sense of 
well-being, lack of critical faculties, defective 
judgment, and other misconceptions, so that 
the person subject to the condition is often 
under the impression that his mental and 
physiological faculties are unaffected or 
functioning better than usual, when, in fact, 
the reverse is true. This is a most dangerous 
state of affairs at any time, but particularly 
so when flying. 

When lack of oxygen occurs, the brain is 
the first organ to be attacked, resulting in 
the sensations which have just been 
described, namely, a false impression of a 
person’s own capabilities, and at the same 
time a noticeable diminution in skill, speed 
of reaction, and accuracy of attention to 
detail. Thus a pilot may be under the 
impression that he is flying accurately when, 
in fact, considerable degrees of error may be 
noticeable to his companions not suffering 
from the same defect. As the eye is closely 
related to the brain, visual reactions are 
noticeably affected, particularly visual acuity, 
optical convergence, the power of focusing 
accurately, and, most striking of all, a 
reduction in night visual acuity (see Fig. 1). 
In addition to the effects on the brain, all 
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reflexes in the body are slowed, fatigue is 
increased, and its onset accelerated. Al] 
such factors can, and do, obviously affect a 
pilot’s safe and efficient execution of his 
duties. 

Experiments in decompression chambers 
simulating conditions of flight, demonstrate 
clearly the decrease in efficiency which 
occurs at increased heights without oxygen, 
and it is on the basis of such observations 
that recommendations for the use of oxygen 
should be made. The situation is one which 
requires careful watching and close super- 
vision at all times when flying under modern 
conditions, which require accuracy, quick- 
ness of perception, and _ instantaneous 
reactions to stimuli received. 


EQUILIBRIUM 


A sense of equilibrium is essential for safe 
flying, and when in an aircraft, is conveyed 
to the pilot, first by his instruments, and 
secondly by his own sensations, which are 
recorded in different sections of the brain as 
a result of stimuli from various sources in 
the body. By far the strongest and most 
important of these is vision, which power- 
fully dominates the other senses. In addition 
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Fig. 3. 
Normal audiogram showing no appreciable hearing loss in either ear. 
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Fig. 4. 
Audiogram showing temporary hearing loss of 50 decibels in left ear in 4096 c.p.l. range, 
and 20 in right ear following exposure to noise. 
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Fig. 5. 
Audiogram showing progressive hearing loss in both ears as a result of flying without a helmet, 
over a period of time. 
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Ampulla 


ig. 6. 
Diagrammatic illustration of the 
semi-circular canals. 


to vision, very powerful impulses are 
transmitted by a part of the brain known as 
the labyrinth. The labyrinth contains two 
sets of organs known as the otoliths and 
semi-circular canals respectively. 

The semi-circular canals are situated in 
the bony part of the skull adjacent to the 
ear, and are three in number on each side, 
each canal, as its name implies, being semi- 
circular in shape, and each being in a 
different plane of the body and at right 
angles to the other two (Fig. 6). One is 
horizontal and two are vertical, so that three 
planes in space are represented in each 
organ. The canals contain free fluid and the 
inner walls are lined with fine hairs and are 
richly supplied with sensitive nerve endings. 
One theory as to the production of the 
sensation of rotation, is that when the body, 
including the bony skull, is rotated there is 
a certain degree of inertia in the fluid in the 
canals, and it is this relation between the 
inert fluid and the moving bony canal in one 
of the three planes which transmits the sense 


of rotation to the brain (Fig. 7). It will thus 
be seen that if rotation of the body stops 
suddenly the free fluid will continue to move: 
it is this which produces sensations of rota. 
tion in the opposite direction, when in fact 
the body is stationary. 

The adjacent otolith organs, one on each 
side of the skull, consists of small spherical 
cavities, also richly supplied with nerves and 
blood vessels, which are lined with fine hairs, 
the free ends of which all converge towards 
the centre of the space. At this central spot 
is a small bony fragment which is delicately 
poised on these hair endings (Fig. 8). Any 
positional movement of the body causes this 
particle to press more firmly on one or other 
sector of the supporting hairs, which in tum 
send appropriate impulses to the brain 
resulting in positional awareness. 

In addition to these sensations are stimuli 
received from muscles, joints, tendons, the 
skin, and internal organs. As is well-known, 
one’s position can be reasonably accurately 
estimated under normal circumstances by 
pressure on various parts of the body, or 
movements of one’s internal organs. 

It will thus be seen that a variety of 
impressions, visual, cerebral, and sensory, go 
to make up the general picture of a person’s 
attitude in space, and if all these senses are 
working normally and vision is unimpaired, 
an accurate estimate can be made. In flying, 
however, acceleration forces, effects of 
gravity and other factors produce false 
impressions by stimulation of these organs, 
and many illusions as to position can be 
produced. Three important ones which may 
occur in flying by night are dangerous 
because false impressions of the movement 
of other aircraft may be given. They are as 
follows. 

The auto-kinetic illusion is a visual one, 
consisting of the apparent movement of an 
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object, such as a light, when fixated against 
a uniform dark background, other visual aids 
being absent. There is usually a short delay 
before its onset, the average duration of each 
phase is about ten seconds, and it is 
experienced at some time by all normal 
y. 99 | persons. Voluntary control of the condition 
¥: 89 | is slight, and it is abolished only with diffi- 


ae culty when spatial localisation is obtained. 
sired, False perceptions of this sort at a critical 
ying moment may be very dangerous, and have 
= of | been quoted by pilots as misleading them 


sufficiently to cause them to take incorrect 

action resulting in an accident. 
A second one, the oculo-gyral illusion is 

in be 4 

caused by a combination of visual and non- 


oak visual factors, namely, conflicting impulses 
ment | “ceived from the eye and semi-circular 
re as | canals respectively. It consists of the 

apparent movement of objects resulting from 
one, stimulation of the semi-circular canals 
of following angular acceleration. Thus a 


stationary object appears to move in a 
direction opposite to that of rotation. It 
may be complicated by auto-kinesis and 
aviators who are frequently subjected to 
small angular accelerations, such as occur 
when turning or banking in flight, are likely 
subjects for such type of illusion, particularly 
at night. In particular cases the condition 
produces an apparent rotation of a light 
larget round a central axis. 

_A third type, known as the oculo-gravic 
illusion, is caused by a conflict of impres- 
sions between the eye and the otolith organ. 
It consists of the apparent displacement of an 
object in space as a result of stimulation of 
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Fig. 8. 
Diagram of the action of the otolith organs. 


the otolith organs by acceleration. Experi- 
ments conducted with a fixed light in an 
aeroplane in complete darkness, observed 
under different degrees of acceleration, 
indicate that such sensations of motion and 
displacement of the light may occur at any 
time between 10° and 60° of bank, and 
increase with increasing bank. They always 
occur during banks of 40° or more. 

The illusions described are very little 
reduced by habituation, which makes them 
all the more dangerous. They can be 
counteracted by absolute reliance on 
instruments, but are potentially present all 
the time, and may predominate in an 
emotional crisis or when fatigue is present. 
Their occurrence may be largely prevented, 
or cut short, by several methods, all of which 
aim at spatial localisation and correlation of 
light stimuli seen. 

First, the presence of lights in different 
vertical and horizontal planes is almost 
completely successful in abolishing the 
condition. Thus, when only the tail light of 
an aircraft is visible auto-kinesis may occur, 
but if lights in different locations such as 
wing tips, nose and tail, are used the 
condition is abolished. 

Secondly, interruption of vision will 
eliminate the condition and for this reason 
flashing lights are to be preferred to steady 
ones. Alternatively, the pilot may interrupt 
steady fixation by blinking. Thirdly, 
localisation by means of other lights on the 
ground prevents the onset of the condition. 

Lastly, the fixation on some other point, 
such as a windshield frame or canopy, helps 
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in reducing the intensity of the illusion, 
although it is not entirely abolished in this 
way. In all cases there will be a conflict of 
sensations and emotions, in which it is vital 
in the interests of safety that the correct ones 
shall predominate and the illusory ones be 
eliminated. 

A pilot’s training teaches him _ to 
subordinate these powerful impulses and rely 
entirely on his instruments, but as in all cases 
where training involves the disregard of 
physiological stimuli, anything which tends 
to reduce a person’s physiological efficiency, 
reduces, at the same time, his control of these 
impulses. Thus a pilot who is suffering from 
fatigue, lack of oxygen, or adverse psycho- 
logical disturbances, may find that he is 
obeying his impulses rather than his training, 
with the result that reactions are produced 
which are instinctive and impulsive, rather 
than controlled and conditioned. In such 
cases the results may be disastrous as far as 
the control of an aircraft is concerned. 


FATIGUE 


One of the most important factors in 
safety, and yet most difficult of assessment, 
is the question of fatigue. It is well known 
in broad terms what is meant by the word, 
but its accurate interpretation and objective 
measurement is a difficult matter. The signs 
and symptoms of advanced fatigue are self- 
evident, the early stages not so, but it has 
been possible to record such factors as 
diminished nervous impulses, slowing of 
muscular and nervous reactions, impairment 
of judgment, decrease in visual and auditory 
function, and impaired accuracy of per- 
formance in persons suffering from fatigue. 
It is extremely difficult to assess the relevant 
values of different factors in producing 
fatigue, and only some of the more 
important ones will be referred to here. 

The length of individual flights between 
stops is obviously one important factor, as 
also the numbers of landings and take-offs 
which have to be made in any one flight. 
The type of aircraft is another consideration, 
some being relatively easy and simple to fly, 
while others require constant mental and 
physical adjustment on the part of the pilot, 
all of which make further inroads on his 
physiological reserve. Weather is a most 
important factor. A flight in clear weather 
by day is obviously far less tiring than a 
flight in bad weather by night. 

Flight conditions en route, such as 
turbulence and unforeseen meteorological 
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emergencies, all add their quota to the strain 
to which a pilot’s nervous system is subject, 
Fear and apprehension are high on the list 
of factors which produce fatigue and, as js 
well known, a worrying and troublesome 
flight in bad weather terminated by a difficult 
approach under bad conditions of visibility 
with an aircraft which is not functioning as 
it should, can be extremely exhausting 
mentally and physically. In addition, glare, 
noise, vibration, insufficient oxygen or inade. 
quate circulation of air, all act adversely ona 
person’s state of physical fitness, which in its 
turn leads to fatigue. 

Every effort should be made to avoid the 
factors which contribute to fatigue by such 
means as adequate rest and relaxation for 
crews in between flights, proper facilities for 
rest during flight, adequate provision of 
suitable diet properly timed, and the main- 
tenance of the nearest approach to normal 
living conditions within the aircraft by 
maintenance of correct temperature, ventila- 
tion, humidity, and oxygen requirements in 
the cabin, as well as the provision of flying 
aids aimed at reducing other fatiguing 
factors. The introduction of the automatic 
pilot is an important advance in this respect, 
but it is for consideration how much auto- 
maticity of control is desirable from a 
psychological point of view. 


DIET AND ALCOHOL 


From having been hardly considered at all 
at one time, diet suddenly assumed great 
importance in flying, but extensive investiga- 
tion during the war revealed that a normal 
well-balanced diet is adequate for the needs 
of flying personnel. Two factors, however, 
should be remembered; first, that an inade- 
quate diet can result in a quicker onset of 
fatigue with all that it implies, and secondly 
some authorities consider that certain 
deficiencies in the diet, notably sugar, can 
result in a diminution of night visual acuity. 
If a normal diet is assured at regular 
intervals, no trouble should be experienced. 

The effects of alcohol on man are so well 
known as not to warrant further discussion, 
except to say that its indiscriminate con- 
sumption by air crew when on flying duty 1s 
only mentioned to be condemned, as 
representing a grave hazard in flying 
operations. 


COCKPIT DESIGN AND LAYOUT 


From the foregoing it will be seen that a 
number of inter-related factors influence the 
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efficiency of a pilot, and therefore, the safe 
operation of aircraft. But in addition to 
taking the precautions referred to, it cannot 
be too strongly stressed that the closest 
co-operation between designers, operators, 
and medical advisers should take place at the 
very earliest stages in an aircraft’s life, if 
satisfactory operating conditions are to be 
obtained. 

In many cases, desirable or necessary 
physiological requirements are not incor- 
porated, because of limitations imposed by 
structural, aerodynamic, economic, or other 
reasons, and it is only if the physical and 
physiological implications of air crew needs 
are laid before those responsible for the 
initial design, at the earliest stages in the 
conception of an aircraft, and there is a full 
appreciation of such matters, that really 
satisfactory working conditions will be 
possible. Examples might be quoted of 
aircraft which at the moment are only in 
the mock-up stage, but in which, even now, 
it is too late to introduce such desirable 
features by reason of the fundamental 
structural considerations involved, and which 
need not have occurred if there had been a 
better appreciation of their value from the 
beginning. 

Among some of the more important of 
these items are the following:— 


l. Seating 


Seats should be designed in conjunction 
with the advice of persons skilled in the 
application of anthropometry, with ample 
individual adjustment for variations in build. 
Arm rests and head rests should be carefully 
correlated with anatomical requirements, and 
particular care taken with such problems 
as correct support for the lower part of the 
back, taking into account the fact that the 
“lumbar curve” is very much greater than 
Is generally imagined. The seat angle, and 
front edge of the cushion, should be so 
designed as to avoid pressure at the back of 
the knees, leading to discomfort and at 
times, a disabling condition of the legs. 


2. Windshields 


_ The first aim of an aeronautical designer 
ls t0 approach as near to aerodynamic 
perfection as possible, but this is not always 
compatible with adequate visibility for the 
pilot, as has been shown by the fact that 
more than one well-known aircraft has had 
to be re-designed because of this difficulty. 
Thus, quite apart from the fact that for- 
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wards, downwards, and laterally, vision must 
be adequate for the safe control in the 
aircraft, the windshield must be so arranged 
that both in design and material its use does 
not entail muscular or ocular strain on the 
part of the pilot, which can quickly produce 
fatigue. For example, the best angle of 
visibility for comfort and efficiency is about 
15° from the horizontal, but this is frequently 
not found in modern aircraft. The light 
transmission qualitigs of the windshield 
material must also be satisfactory and at the 
same time there must be proper provision 
for shade. 


3. Cockpit and instrument layout 


Great strides have been made in recent 
years with this problem, but the cockpit 
which is perfectly designed from an 
anatomical and physiological point of view 
is still far from realisation, and much more 
consideration. should be given to this 
problem. For example, if eye fatigue is to 
be avoided, instruments should be at such 
a distance from the pilot when seated in the 
normal position, that he does not have 
constantly to use his powers of accommoda- 
tion in order to focus on his instruments. If 
he is forced to accommodate frequently, he 
will become fatigued and readings will 
become blurred and indistinct. The optimum 
distance is between 23 in. and 27 in., but 
great variations from this figure are often 
found. The alignment of the instruments 
relative to the optical axis of the pilot’s 
eyes, is very important in order to avoid 
visual distortion, and in addition to this his 
eyes should, as far as possible, drop 
naturally from looking ahead and outside the 
aircraft, to instruments directly in front of 
him, rather than to one side or the other. 

Lighting should be of adequate, but not 
too great an intensity, and there should be 
no shadows, glare, reflected light or 
obstruction of dials. On an aircraft recently 
seen, there was partial obstruction of four 
instruments in the precise spot where the 
pointers were likely to be located most of the 
time. 

An interesting example of how _ this 
problem affects efficiency, and indirectly air 
safety, is afforded by the case where certain 
instruments are located in the roof. If a 
pilot is trying to keep his eye on a runway 
which is being approached and at the same 
time watch a flap indicator, it is extremely 
tiring to be constantly straining the eyes 
upwards from the runway ahead to the flap 
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indicator in the roof. If the indicator were 
high up on the instrument board, but just 
below the windshield, considerable reduction 
in effort would be obtained. The tiring effect 
and strain caused by looking upwards is well 
known, but despite that, important instru- 
ments are frequently located in such 
positions. 

In addition to these factors, the actual 
design and lighting of individual instruments 
leaves room for improvement, and experi- 
ments with new forms of lighting, design and 
layout by doctors conversant with the 
problem from the physiological and also the 
piloting angle have given encouraging results. 


4. Controls 

Two important features of controls to 
which enough constructive thought has not 
been given, are firstly that of being recognis- 
able by touch alone, and secondly being 
reachable in all positions which the pilot is 
likely to assume in flight. The first of these, 
namely distinctive shapes for various 
controls, is to a large extent standardised by 
S.B.A.C. practice but, in the opinion of 
many, could still be bettered. The latter is 
not yet entirely satisfactory and on a mock- 
up of an aircraft recently seen, the throttle 
control of the starboard outer motor could 
not be properly reached when the pilot was 
looking out of the clear vision panel, as 
might occur in an approach and landing 
under difficult conditions of visibility, or 
when taxi-ing. While it is recognised that 
aerodynamic considerations are of great 
importance, complete control by the pilot at 
all times and under all circumstances is 
vital. | For example, the most backward 
position of the control column and the most 
forward positions of all throttles should be 
comfortable of attainment in the pilot’s 
normal position. 


5. General cockpit conditions 

Such factors as noise insulation, tempera- 
ture control, ventilation and humidity, 
lighting and avoidance of glare, and ease of 
movement within the cockpit, all play a 
definite part in ensuring physical and mental 
relaxation, thus allowing full attention to be 
paid to the task in hand, with enhanced 
safety factors. 


PRE-SELECTION 


Lastly, I propose to deviate from the strict 
interpretation of my brief for a moment to 
deal with an important subject, namely the 


946 


K. G. BERGIN 


selection of suitable personnel for flying 
duties. Although not a strictly physiological 
matter, the selection of the best instrument 
for such tasks is of great importance and has 
a considerable influence on safety. 

For many years the selection of air crew 
was based largely on the result of physical 
examinations only, and if certain physio. 
logical standards were attained a person was 
considered fit to fly. It has been appreciated 
for some time that this is not the whole 
picture, and a person presenting all the 
necessary physical characteristics may be 
quite unsuitable for flying duties on account 
of psychological, temperamental, or person- 
ality traits, which although not manifest 
under normal conditions of flight, may reveal 
themselves at times of stress or emergency 
with unfortunate results. It is not possible 
in the present state of scientific knowledge 
to lay down hard and fast rules as to the 
exact psychological desiderata required for 
the perfect pilot, but experience has shown 
that certain undesirable features should 
preclude acceptance of candidates for these 
duties. Thus, a previous familial or personal 
history of nervous breakdown, depressive 
state, or indication of psychological disorders 
should be investigated with particular care, 
and only those candidates accepted for flying 
duties who have a healthy physical and 
psychological background. 

By elimination at this stage much trouble 
in the future may be prevented. While such 
a statement is difficult as yet to prove by 
statistics, there is little doubt that a number 
of accidents could have been avoided if more 
strict attention had been paid to pre 
selective measures in the past. Only 
specially trained personnel should make such 
decisions in which wide experience in such 
problems is necessary. 

The more important factors in the physio- 
logical aspects of air safety have been 
briefly sketched with the intention of 
stimulating thought and discussion on how 
they can best be prevented, so that the most 
important link in the chain of processes 
involved in flying, the pilot, may be 
supremely efficient at all times. Time has 
not permitted discussion of some other 
factors in this very important problem. It 
is hoped that the evidence presented has 
adequately demonstrated how vital adequate 
skilled medical supervision of air crew and 
flying conditions is at all times during their 
flying career, as well as a conception of 
cockpit design and layout, which, while 
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conforming as far as possible to aerodynamic 
and mechanical considerations, does not 
forget that a human being has got to operate 
the aircraft. 

If a high standard of safety is to be main- 


ASPECTS OF AIR SAFETY 


tained, these relatively minor, but none the 
less important factors in air operations 
should not be neglected, or underestimated, 
when considering the question of air safety 
as a whole. 


DISCUSSION 


Air Commodore Vernon Brown (Chief 
Inspector of Accidents, Ministry of Civil 
Aviation. Fellow): It was a source of great 
satisfaction to him that in the period 
1928-31, when he had had the honour to 
command the Cambridge University Air 
Squadron, he had been permitted to take 
into the Squadron a few doctor students, 
and he believed the first of that vintage was 
Dr. Bergin, who had joined in 1929. 

In the early days of the First World War 
certain medical aspects of aviation had 
cropped up which were not then understood. 
One of the first problems was that of black- 
out, and he recalled the circumstances in 
which the doctors had become interested and 
had offered opinions. When Professor B. M. 
Jones was standing at the camera obscura, 
he himself would be doing turning circles 
and blacking himself out at 4-44g in about 
4 seconds. 

In 1916 the problem of providing oxygen 
had arisen. The Service ceiling was then 
16,000 ft., and complaints were received 
from France concerning the effects of lack 
of oxygen. 

Throughout that war various medical 
problems had arisen in connection with 
aviation, but not much research of a con- 
structive nature was done; and in the 
following years it had been difficult to 
stimulate the doctors to activity in aviation 
matters. But when he had become asso- 
ciated with accident work, in 1937, he had 
found that the doctors were ready to give 
valuable help. Many problems were put to 
them, to which they gave ready answers or 
began research. There were problems con- 
nected with carbon monoxide poisoning, 
lack of oxygen, and with “ fatigue,” which 
was one of the most important of all. Once, 
ila minute which he had written he had 
unfortunately used the word “ fright,” and 
he was forbidden to use that word, or the 
word “fear,” because of the psychological 
eect upon pilots. There was no question, 
however, that fear was a factor which must 
be appreciated in the fighting Services. The 
fatigue problem was tackled readily, and he 
believed Sir Harold Whittingham was con- 


cerned, with the present Director-General of 
the Medical Services of the Air Ministry, in 
some valuable research in that connection. 
They had the valuable assistance of 
collaborators such as Professor Bartlett, in 
Cambridge; and the tests of the McCurdy 
Chair in 1930 represented one of the first 
steps towards finding out about pilots’ 
reactions. Again, in connection with the use 
of drugs the medical profession had given 
great help. He could not agree more than 
did Dr. Bergin concerning the importance of 
comfort and warmth for pilots, the reduction 
of noise, and so on; indeed, he had been 
trying to rub it in for years. 

S. Scott Hall (P.D.T.D., Ministry of 
Supply, Fellow): Often they were told that 
an accident was due to an error of judgment. 
Intelligence, therefore, would seem to be one 
of the most important qualities necessary to 
the efficiency of a pilot, and particularly that 
special form of intelligence which enabled a 
man to react with the greatest speed to some 
emergency and to determine with the greatest 
speed the action to be taken to get out of it. 

A recent example of the exercise of that 
quality was an aircraft in the Berlin Air Lift 
which had taken off with the elevator control 
locked. How often had they read that that 
situation had let to complete disaster! In 
this particular case the pilot, a well-known 
airman, had reacted immediately, working 
out a means by which to control the aircraft, 
which had enabled him to land successfully. 

That was an example of the kind of men- 
tality which he would have thought was 
essential to an airman, but which was men- 
tioned rarely. He was surprised it had not 
been mentioned in the paper. 

Dr. Buchanan Barbour (Chief Medical 
Officer, British European Airways, Fellow): 
The physiological aspects of aviation was a 
subject upon which Dr. Bergin had worked 
with him in the past. 

He agreed with all that was said in the 
paper; Dr. Bergin had stated known facts 
and had commented upon them. Endeavours 
to get those facts into the minds of aircraft 
designers commanded the fullest co-opera- 
tion and support. 
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DISCUSSION 


One of the first books on aviation 
medicine—Air Service Medical, published in 
1919, stated that, of every 100 airmen killed 
during the first world war, 90 had lost their 
lives as the result of pilots’ errors, 8 because 
of engine failures and 2 from enemy action. 
Matters had improved greatly since then, but 
the air safety and Accident Branch figures 
could still be looked at with the feeling that 
medically much still remained to be done 
in order to reduce the loss of life and loss of 
aircraft. 

The paper was concerned with physio- 
logical aspects of safety, but he would have 
liked to have drawn Dr. Bergin out on the 
psychological aspect. 

So far as the pilot was concerned air safety 
started with careful selection. Much work 
had been done on psychological aspects, and 
during the last war it had been proved beyond 
doubt that both male and female pilots, 
although not necessarily 100 per cent. 
physically fit, but who possessed 100 per 
cent. mental fitness, could successfully fly all 
types of aircraft. 

He agreed completely with Dr. Bergin 
about the importance of comfort and fatigue 
of the pilot. Engineers would appreciate 
that a fatigued metal would break; similarly, 
a fatigued pilot would break, and until 
medically they had means, by tests or 
instruments, by which to assess human 
fatigue accurately, there would be break- 
downs among pilots, due to various factors 
physical and psychological. Factors con- 
cerned with flying hours, aircraft design, and 
so on, were all contributory. 

The use of the tactile sense, i.e. the ability 
to discern controls or other objects by feel, 
must be remembered in designing instru- 
ments. It was important that this discerning 
sense should be used in flying duties, other- 
wise they would tend to overload the senses 
of sight and hearing, which were used so 
much at the moment in the operative link 
between aircraft and air crew. 


In connection with cockpits they came up 
against the old problem that aircraft and 
their equipment were designed by specialists 
and technicians who, naturally, wanted their 
particular pieces of equipment incorporated. 
But the aircraft still did not fit the pilot. 
Inasmuch as nature had taken so long to 
design man and was so slow in her evolution, 
aircraft would have to fit the pilot, rather 
than that the pilot should be expected to fit 
the aircraft. Until aircraft designers designed 
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their own pilots they would have to abide 
by natural laws and use the facilities which 
nature had given them by way of thought, 
hearing, sight, and touch. 


The sense of equilibrium seemed to be 
becoming less important in the duties ofa 
pilot, particularly when bearing in mind that 
they were teaching him very often to dis. 
regard his natural senses and to rely o 
information conveyed to him by the instrv- 
ments of his aircraft. Again the question of 
comfort arose, and it appeared to him to be 
a most important factor. The aircraft was 
subjected to frequent checks; yet the pilot, 
who was still the most important link in that 
very complex machine, had a six-monthly 
overhaul, which was largely physical, had 
to continue to comply with all the regulations 
laid upon him both by the designers and the 
other controlling interests. As_ so litte 
consideration was given to making his job 
more comfortable and easier, rather than 
more complex, it was marvellous that pilots 
continued to fly as safely as they did. 


F. H. Dixon (Fairey Aviation Co. Ltd, 
Associate): Cockpit layout was always much 
in the minds of test pilots, for they had to 
make decisions before an aircraft actually 
flew. The kind of information provided by 
Dr. Bergin was very helpful and enabled 
them to make some approach to the best 
layout for the user. 


Why was the frequency of the marker 
beacon pitched at the most vulnerable point 
in the ear’s range of selection? There must 
be good reasons, but it would be of advan- 
tage to use a more appropriate band, 
as apparently there would always be 4 
progressive deterioration of hearing. 


The visual auto-kinetic illusion was topical 
in view of the development of the use of 
helicopters at night, and Mr. Rowe had done 
the most valuable work that had been done 
so far in Great Britain or the United States 
on that particular problem. The practice 
was to use one light, suitably orientated and 
coloured, to indicate to a pilot where to 
touch down, and the direction of the wind. 
He had seen it at night and had no 
experienced the auto-kinetic effect; bul 


would Dr. Bergin suggest, from the medical 
point of view, what sort of light arrangemen! 
would be best; whether there should be two 
or three lights, or lights of different colouts, 
or one which flickered from one colour to 
another, in order to overcome the difficulty? 
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Afternoon Session : 


Sir John Buchanan, C.B., F.R.Ae.S., Vice-President of the Society, 
presided during the afternoon session and introduced the lecturers, Captain 
J. W. G. James, O.B.E., Chief Pilot of British European Airways 
Corporation?and Dr. G. E. Bell, M.Sc., Head of the Operational Research 


Section, Ministry of Civil Aviation. 


AIR SAFETY FROM THE PILOTS 
POINT OF VIEW: 
by 
Captain J. W. G. JAMES, O.B.E. 


Before I present my written paper I would 
like to refer to two aspects of my subject 
which have been omitted from the paper, 
icing and static discharge. 

I have no records of icing being a direct 
cause of accidents but it is important to 
appreciate the effect that it has on a pilot 
when flying an aircraft which picks up a lot 
of ice which he knows he cannot get rid of 
when he wishes. I look forward to the time 
when there will be installed on aircraft a 
de-icing system which will enable a pilot to 
get rid of ice at the right time. 

I and my colleagues have experienced a 
lot of static discharge, or lightning strikes, 
and while I do not think there is reason to 
assume that they might cause accidents, they 
are most disturbing when they occur during 
normal flying. JI am not referring particu- 
larly to running into banging and flashing, 
where holes are produced in aircraft, and 
which obviously affect a pilot’s balance for 
a considerable time. 

I cannot offer any solution of these two 
problems, but wish to focus attention on them 
in the hope that the appropriate attention 
and effort will be devoted to them with a view 
to their solution; any effort in this direction 
will be more than repaid by the increased 
operational efficiency which will result. 

We can look forward to a bright future 
for civil aviation; I believe it can establish 
itself firmly as the safest and most efficient 
form of travel, and pilots will play their part 
lM attaining that goal. I believe we are 
heading in the right direction. From the 


discussions so far it is obvious that there is 
an urge to provide conditions of service which 
are suitable to the pilots; and perhaps all that 
needed further is for someone in his 
wisdom to issue regulations which will 


ensure that all designers, particularly chief 
designers, will be airline pilots as well! 


INTRODUCTION 


This is not a technical paper but rather 
a discourse on some of the matters that, to 
a pilot, appear to affect considerably the 
safety of flight as applied to airline flying. 
It must also be made clear that safety is 
considered only as one of the relative factors 
in relation to general efficient operation, that 
pilots are not after “safety at all costs” 
which in effect would mean grounding all 
aircraft, but seek rather the maximum safety 
compatible with developing civil air trans- 
port as an efficient and economical business. 
Unfortunately, no pilot believes that today, 
or for a long time to come, or even if ever, 
accidents can be done away with so long 
as the human factor is pronounced and 
mechanical failures possible. The best that 
can be achieved is that these two uncertain- 
ties are fully appreciated, and the most 
effective measures introduced which will 
reduce to a minimum human and mechanical 
failures, whether they occur separately or 
together. 


AIRCRAFT 


The aircraft itself is probably the most 
appropriate item to discuss first as being the 
place in which all accidents in which a pilot 
is concerned occur, and as such is certainly 
very near to him—if not always very dear. 
CONTROL CABIN—LAYOUT 

Once in the aircraft one gravitates 
naturally to the control cabin and it is on 
this, his private room, that you find the 
pilot most eloquent, because whether it be 
in praise or criticism there is plenty to talk 
about, and unfortunately to date—certainly 
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so far as British aircraft are concerned— 
there is plenty of material for criticism which 
has a direct bearing on the safety of flight. 
A great deal of research has gone into the 
laying out of control cabins and much has 
a been written and said about them, but at 
fe the risk of repetition I would like to reiterate 
- some fundamentals which should always be 
applied to a control cabin, such as good 
visibility at all times, a planned standard- 
isation of layout, comfort, a low noise 
factor, simplicity, and easy and natural 
accessibility to all vital controls, whether 
they be levers or switches. 

Too often control cabins appear to have 
been designed for fair weather operation; 
test pilots please note that the true worth of 
the control cabin can only be appreciated 
when the aircraft is flying in adverse 
weather, such as heavy rain, and the pilot 
is having to land in conditions of poor 
visibility. It is under these conditions that 
accidents are most likely to occur and it is 
a real major contribution to safe flying if, 
in such circumstances, the pilot, for 
example, has a clear vision panel which does 
not cause him to be blinded by rain or 
disfigured by hail stones, is normally able 
to see out of his control cabin by having 
windscreen wipers that wipe, a de-icing 
system that de-ices, and landing lights that 
light the way, and at the same time, he is 
able to see his flight instruments clearly 
inside the control cabin. You have no idea 
i how unnecessarily difficult and annoying 
4 flying becomes when water is pouring on to 
your only uniform when you are in the 
middle of making an instrument approach. 


Flight instruments, of course, are of vital 
concern to the efficient pilot and it is 
interesting to see how the inefficiency of 
flight instruments, whether as a result of 
layout or type, becomes more apparent as 
the efficiency of the pilot on instruments 
increases. A great deal of study and thought 
has been given by various authorities to the 
layout of flight and engine instruments and 
a generally accepted pattern is now avail- 
able; but on the assumption that we now 
have a good layout it is again necessary to 
stress the considerable advantage it would 
be to the pilot if he could change from one 
aircraft to another and still be confronted 
with a standardised instrument panel. This 
principle of standardisation applies equally 
to all other sections of the control cabin 
layout and should be followed as much as 
possible, compatible with the efficient 
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handling of the various aircraft services, It 
is in emergencies that these things become 
important, when a pilot tends to react 
instinctively, and being thoroughly at home 
in the control cabin can make the difference 
between an accident and a reprieve. 

The beneficial effect of a well planned 
layout is also felt when in route flying, 
particularly for the comfort and facilities it 
offers. At this stage it may not have an 
immediate effect on the safety of flight, but 
when a pilot is faced with an instrument 
landing under very poor conditions at his 
terminal, his physical condition at that time 
plays a considerable part in his ability to 
effect a safe landing. 

Noise in particular, is still a major problem 
today, especially when it is of the type caused 
by ill-fitting windows. Quite apart from the 
noise increasing the fatigue factor itself, the 
never-failing sense of irritation which 
unnecessary noise in an already noisy control 
cabin produces, also tends to reduce the 
pilot’s overall efficiency. 


HANDLING CHARACTERISTICS 


As far as the aircraft itself is concerned, 
the general requirements as laid down by 
[.C.A.O. (International Civil Aviation Organ- 
isation) will more or less guarantee that the 
performance of the aeroplane of the future 
will satisfy the demands of the pilot, and I 
do not propose to discuss them in 
detail, except to touch on one item which 
has a direct bearing on the safety factor of 
aircraft. That is the design of the fuel tanks. 
I have said that unfortunately, I believe it 
is a fact that accidents are going to happen 
in the future and it is essential, I think, that 
the maximum preservation of life as a result 
of an accident should be a major considera: 
tion in the design of an aircraft. In this 
respect, I would like to see it a requirement 
that crash-proof tanks shoud be installed 
in all passenger-carrying aircraft, as | 
believe that the loss of payload involved 
would be more than compensated for by 
the resultant saving of life, and the safety 
record of the operator, which in one sens 
can be indicated by the number of persons 
injured or killed. If a crashed aircraft can 
be kept from burning, then there is sufficient 
evidence to show that there is a good chance 
of passengers escaping. 

It is unfortunately a fact that the 
performance of an aircraft can be obtained by 
widely varying handling characteristics 
which, of course, are of direct and vitd 
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importance to the pilot, and indirectly to 
the operator because they are one of the 
factors which decides the weather limits to 
which a pilot can operate, which in turn 
determines the ability of the operator to 
compete with other airlines and surface 
transport by guaranteeing a high regularity 
and punctuality of service. 

What kind of handling characteristics does 
an airline pilot want? Individual opinions 
will vary, but I think it is possible to agree 
on some general requirements. For a 
moment, try to imagine yourselves at the 
controls of an aircraft flying in adverse 
weather—raining hard, if you like—and you 
are involved in making an approach to, and 
a landing at, an aerodrome—to my mind 
the most critical part of the flight. During 
this period the undercarriage is lowered, 
R.P.M.s are changed, flaps are lowered and 
most of the good and bad characteristics 
become apparent. The first requirement 
throughout this period is that the pilot, 
under normal circumstances, must be able 
to manage the ailerons and elevators with 
one hand because the other is probably 
concerned with the throttles. This means 
that the controls must be light. They must 
however, be quick and effective, particularly 
the ailerons. There must be quick aircraft 
response to movement of controls and this is 
particularly important when making, for 
eample, an §.B.A. (Standard Beam 
Approach) approach or endeavouring to 
carry out the instructions of the G.C.A. 
(Ground Controlled Approach). It is interest- 
ing to note that the variations in the reaction 
time of various aircraft on G.C.A. are so 
marked that the controllers have to adjust 
their rate of instructions in giving changes of 
course, height and so on, to suit the particular 
aircraft. During this period it is virtually 
impossible to avoid considerable changes of 
power, due to different amounts of flap and 
the lowered undercarriage, and so on, and 
as the pilot is on instruments, he welcomes 
the aircraft which has no change of fore and 
aft trim as these various factors are brought 
into use. 

For a successful arrival it is also essential 
that the final approach should be made at 
slow speeds, therefore the aircraft must be 
fully manceuvrable at speeds right down to 
the stall. Unfortunately that runway, as it 
suddenly looms ahead is often still 5-10° 
(0 one side when it should be straight ahead. 

Summarising briefly therefore, a pilot 
wants an aircraft that has a proved perform- 
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ance, low safety speed and so forth, stability, 
light but positive controls that produce quick 
response from the aircraft, full manceuvr- 
ability at low speeds, no change of trim with 
varying power, flaps, and the like, and 
something I have not mentioned before, just 
a sufficient amount of float to give the tired 
pilot time to make those nice arrivals, so 
satisfying to himself and so comforting to 
the customer. 

This all boils down to the fact that the 
pilot must feel at home and happy about 
the handling of his aircraft and unless this 
is achieved, all the performance in the world 
will not enable him to fly that aircraft in 
the weather he will have to fly in if the 
required regularity and punctuality of service 
is to be obtained. 


TRAINING 
SELECTION AND TRAINING OF PILOTS 


This brings me to another vital factor that 
helps to ensure that pilots play their full 
part in the safe development of air trans- 
port—their selection and training. Here 
again, a great deal of thought and time has 
been spent and one can, I think, be assured 
that with the assistance of proved medical 
systems and the application of some 
commonsense, men can be selected who are 
100 per cent. physically fit, have the 
necessary high mental ability and are 
psychologically stable and temperamentally 
suitable to become safe and efficient pilots. 
It thus devolves on the operating company 
to ensure that the best use is made of this 
material by sound and thorough training for 
the type of job to be done, both in the 
academic and practical fields and in the 
development of the individual’s personality. 

One is often asked to describe the perfect 
airline pilot, and to my mind this is very 
difficult to do because the final criterion will 
probably be whether or not he is still avail- 
able to take advantage of his old age 
pension; but if he has a high mental ability 
and adapts himself easily to the various 
types of aircraft in operation, and has the 
kind of temperament that does not panic, 
then I think he has the basic requirements of 
a good pilot. There is a world of difference, 
for example, in performing difficult 


manceuvres and meeting emergencies under 
assimilated conditions, and having to do the 
same in reality, and a good pilot must have 
that steady and methodical temperament 
that does not worry, but analyses and solves 
the problem. 
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Whatever the inherent practical ability of 
a pilot, it is certain that if his selection has 
been correct, he benefits by having a sound 
technical knowledge of his job. This should 
not only cover the aircraft of which he is 
in command, but also all other various 
technical aspects that affect the operation 
of his aircraft, including the physical and 
commercial implications. 


In approaching this problem of training in 
civil aviation, it is important to recognise at 
the start some important facts if the best 
results are to be obtained, and some of these 
are:— 


(a) Captains and first officers should not be 
considered as pupils when they attend 
for checking and refreshing, but as 
customers. Except on initial entry, they 
are senior individuals within an organi- 
sation, accepting big responsibilities and 
: they cannot be accepted as such at one 

a minute and be treated as schoolboys the 

cee next minute. To get the co-operation 

required, pilot instructors should clearly 
understand that they are not necessarily 
better captains or first officers than the 
customers—in fact it can be the reverse 

—but that their job is to put over the 

specialised subject they are dealing with, 

in such a way that the customer leaves 
feeling he has had his money’s worth. 


(b) They should be attended by their own 
kind—airline pilots specialised in train- 
ing technique. This helps to get over the 
big problem of co-operation, and if a 
line pilot is being instructed by a 
member of his own profession then there 
is much less likelihood of a clash of 
personalities. The instructor appreciates 
more readily the route application that 
will be required and thus there is a more 
ready understanding and mutual appre- 
ciation of the problem and its ultimate 
application. 


(c) Any system of assessment should be as 
impersonal as possible, both to avoid 
personal discrimination and also to 
ensure common standards and methods 
between the instructors. 


(d) It is not correct to assume that a pilot 
will maintain the high initial standard 
of aircraft handling for any length of 
time during route operations unless there 
is constant application of the standards 
attained at base, and that in any case an 
opportunity must be given periodically 
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for the line pilot to refresh himself 
these exercises which he cannot practice 
on the routes without serious discomfort 
and alarm to passengers. In this respect, 
it will be necessary to determine what 
part, if any, of the itinerary laid down 
for the proposed instrument rating, com. 
patible with safe and comfortable flying, 
can be covered during route flying, as 
this can make a considerable difference 
to the cost of renewing instrument 
ratings. 


(e) Whatever the pilot’s operating ability— 


(f) 


and it must be up to a high minimum 
general standard—the ultimate success 
of a pilot will be determined by his 
ability to know his own limitations. He 
can only get a correct appreciation of 
this by having sound and _ thorough 
knowledge of all aspects of his job and 
it is false economy if this is not included 
in his training. 


It is a fatal mistake to assume that flying 
hours mean efficiency and safety, unless 
they are related to the type of flying 
carried out and the standards required, 
It is a known fact that a pilot can 
develop habits while accumulating hours, 
which can prove fatal in the end, par- 
ticularly if that pilot is asked to under- 
take a different type of operation along. 
side other pilots who have had special 
training for their job. Under normal 
and good conditions, an average pilot 
with no particular training can carry on 
for years, but the trouble always occurs 
in the end and accidents happen because 
of the inability of the pilot to cope 
effectively with emergencies, whether 
they occur while on route or during 4 
landing or take-off. It is, of course, 4 
fact that most accidents occur during 
an approach to landing and take-offs, 
where critical conditions can mort 
readily occur either through a human 
or mechanical failure. Quick and precise 
corrective action under these circum 
stances are vital and they can only be 
applied by a pilot who has been specially 
trained to meet them by a form of trail- 
ing which reproduces them in flight. 


(g) It is essential to appreciate that a high 


minimum standard of basic academic 
knowledge and practical handling of the 
aircraft and route operations must be 
applied to all pilots right from the start 
in the type of work they have to do. 


(h) 
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(h) It is not correct to assume that the whole 
process of education can be built up 
while a pilot is operating as a member 
of a crew. Operating experience should 
be used to consolidate the basic know- 
ledge he should have acquired under 
training and this is not the time to gain 
it, particularly with regard to the actual 
handling of the aircraft. It should also be 
appreciated however, that the ability to 
make the correct operating decision at any 
time can only be obtained by experience, 
and the best pilot will be the one who 
sets out to learn continually and benefit 
by the mistakes he inevitably makes. 


MEDICAL SERVICE 


I think it will be generally accepted that 
the standard of fitness maintained by a pilot 
has a direct relation to his operating 
efficiency and this becomes even more 
important during the critical periods of a 
flight, such as in making an operational 
decision or effecting a landing or take-off 
under difficult conditions. No pilot will 
argue against this and he accepts as neces- 
sary the high medical standards required, 
but by virtue of the fact that the medical 
is the criterion through which he maintains 
his livelihood (he virtually loses his job 
every six months) his attitude towards 
medicals is a mixed one and there is a very 
ready tendency to undergo as few medicals 
as possible on the assumption that the less 
he has, the more likely is he to continue 
holding his licences. 

For a medical service therefore, to play 
its proper part in the life of a pilot, par- 
ticularly if it is his company’s medical 
service, and in order that the pilot, the com- 
pany and civil aviation can obtain the 
maximum benefit from it, its terms of 
teference and application must be very care- 
fully worked out. 

Today, the Ministry’s medical service is 
an examining body, there to record certain 
data and produce a verdict of fit or unfit. It 
Is not there as a consultative body. With 
due deference, it is thought that the average 
medical practitioner is not particularly 
qualified to determine the fitness of a pilot 
for flying, so that there is (perhaps) a lack of 
trained doctors with knowledge of the effects 
of flying, to progress the health of a pilot. 

The main earning capacity of a pilot is 
when he is in the air and as he is a fairly 
highly paid individual, it is in everybody’s 
interests to keep him in the air. Statistics 
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show that a saving of only one per cent. in 
the flying hours of, say 300 pilots, which 
would otherwise have been lost in sickness, 
can more than pay for the right type of 
medical service. 

There would thus seem to be a case for a 
corporation, or a group of small companies, 
for example, to establish a free medical 
service, as the administrative cost of such 
a service would be more than offset by a 
reduction in the turnover of pilots and a 
lowering of the sickness rate, which would 
result in a higher yearly utilisation and an 
increase in operating efficiency. 

This of course, pre-supposes that a pilot 
takes kindly to such a service, and that he 
will gladly submit his mind and body for 
examination regularly by his company’s 
doctor. Unfortunately however, while he 
appreciates the benefits that would thus 
accrue, he is also conscious of the fact that 
there will be. building up for and against 
him a medical history available to his com- 
pany which could be used in evidence 
against him. 

There are, therefore, it is thought, certain 
essential bases on which a company medical 
service should be established if the co-opera- 
tion of pilots is to be obtained and if it is to 
play its full part in promoting safety in 
flight; they are that pilots should be 
treated strictly as patients and their medical 
history should not be disclosed to anyone 
without consent. This medical service 
should also not be used in the place of 
Ministry of Civil Aviation medicals held at 
any time, for the purpose of declaring a 
pilot “ fit” to hold a licence; it should exist 
merely to assist him to keep fit. Strange 
though it may seem, it is possible that the 
pilot will have disclosed more of his medical 
record to his company’s doctor than to the 
M.C.A. doctors—and at this stage, he is 
primarily concerned wiih holding his licences 
and earning his keep. 


CONDITIONS OF SERVICE 


Another contribution towards the safety 
of flight is the pilot’s conditions of service. 
Although I have said that flying hours, 
which are a measure of experience, do not 
in themselves mean that we have safe pilots, 
it is an accepted and proved fact that, as in 
other spheres of life, an experienced pilot 
properly trained is of more value than an 
inexperienced one and less prone to 
accidents, particularly if that experience has 
been gained with one employer. Experience 
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in one type of flying does not necessarily fit 
the pilot for other types. 

It is therefore important that we try to 
keep our pilots and strive to introduce con- 
ditions which will ensure continuity of 
service. In this way, stability, a thing which 
in the past has been sadly lacking in the 
pilot’s career, will be introduced into his 
life and will help to bring a sobering and 
steadying effect into his mental outlook, 
which is obviously all to the good. 

I have said that the best pilot is one who 
has been properly trained and has the 
ability to fly and operate his service to a 
high standard in comparison with others, but 
who knows his own limitations. Anything, 
therefore, which tends to destroy or con- 
fuse that appreciation of himself, is to be 
deprecated if we are to arrive at the highest 
standards of safety. For example, flying 
pay: there is no question but that this type 
of remuneration tends to urge a pilot into 
the air—possibly against his better judg- 
ment. It may help to swell the bank 
balance but, in my opinion, it is not con- 
tributing to the proper development of civil 
aviation. The pilot of today rightly 
considers himself a responsible and senior 
member of any organisation and _ efforts 
should be made to encourage that belief. 
There is no need to offer such inducements 
as flying pay to ensure a full contribution 
towards the economy of aviation, which 
should include not only flying but also the 
making of constructive criticism on_ the 
operation of the services. 

Today the earning capacity of a pilot is 
based on the number of flying hours he does 
a year and existing agreements usually con- 
tain a limit on such hours as being the 
maximum that a pilot can do and still main- 
tain that high standard of physical fitness 
required of him at all times in flight during 
his normal span of earning life. 

However, a study of the various types of 
operations today, and experience gained, 
shows that the limiting factors in a pilot’s 
ability to operate with the necessary degree 
of efficiency and safety, vary. Take the two 
obvious examples—long and short routes. 
In the former, where sector lengths give 
flying times of up to 10 or 12 hours, the 
limiting factor is still “hours spent in the 
air,” but such is not necessarily the case 
on short sector operations as found in many 
parts of Europe. 

Whether a man be a pilot or something 
else, he can only stand a certain number 
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of working hours a day or week or month, 
and still be efficient. This fact is being 
brought home forcibly to European opera. 
tors today, and it is found to be quite 
impossible on certain routes to reach that 
goal of flying hours considered necessary 
if, from the employer’s point of view, the 
pilot is to earn his keep. This is due to the 
fact that, as a result of a combination of 
short sector and infrequent services, the 
on-duty period during any one day is high 
compared with the flying time done, and it 
is found that the limiting factor is not flying 
hours, but duty hours. 

This renders the present flying hours con- 
ception quite out of date and changes the 
whole aspect of “ pilot contribution.” In 
particular it can make the existing Ministry's 
limitations of 125 hours every 30 days quite 
unrealistic and may force that august body 
to introduce not only a “flying hours 
restriction” but also an “hours on duty” 
restriction, in order to try and ensure a 
maximum standard of safety. 

In my opinion this would be most undesir- 
able, as the safe maximum that a pilot can 
do, whether it be flying or duty hours, 
depends on so many factors (types of air- 
craft, weather, experience of the individual 
routes) that it is best left to the pilot (today 
strongly protected by his associations) and 
the employer to decide. Both are equally 
interested in the safe and efficient operation 
of services. 


REGULATIONS 


It devolves on an operator to issue 
instructions and regulations to his flying 
staff which are meant to ensure that by their 
compliance an efficient and safe operation is 
carried out. There is, however, too often a 
tendency on the part of the management to 
hide behind these regulations and to assume 
that once issued they are absolved from 
further responsibility, other than taking 
disciplinary action against an individual for 
breaking them. Instructions in themselves 
can be more of a danger than a safeguard, 
unless they are issued to people who are 
trained and capable of appreciating them 
and carrying them out. This applies 


particularly to pilots who are by nature 
individualists, and if issued indiscriminately 
they can produce the reverse effect to that 
intended, in that they tend to produce an 
individual who is too “ regulation minded” 
and who spends most of his time wondering 
whether he is breaking a regulation instead 
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of concentrating on the job, or, conversely, 
one who, overburdened with forms and 
regulations, consigns them unread to the 
waste paper basket. 

If an airline is to build up a team of 
efficient and safe pilots its aim should be 
to develop their individual sense of 
responsibility and initiative and it should 
be made absolutely clear that regulations 
do not absolve a pilot from using his own 
judgment and common sense on _ all 
occasions. Regulations in themselves never 
made an organisation work—it is the quality, 
training and mentality of the men that apply 
them that counts. 


PROFESSIONAL PRIDE 


This, I think, is a most essential thing for 
a pilot to have and is an important contri- 
butory factor towards safe and efficient 
operation. It should be encouraged both by 
the employer and by the pilots’ associations. 
I consider, however, that it is not sufficiently 
in evidence in the profession today, probably 
because civil aviation is a young and rapidly 
growing business, and with rapid growth 
there is little time to consolidate. After the 
war there was a large influx of pilots into 
civil aviation with only a limited knowledge 
of what it entailed and the demand was such 
that things were made very easy for them— 
technical and flying courses of all kinds were 
laid on and the only contribution required 
of the individual was that he should try to 
learn, and that only very slowly. There was 
thus lacking what, to my mind, is an essen- 
tial requirement, the knowledge and 
assurance that every individual would have 
been prepared if necessary to contribute 
something for the privilege and chance of 
making a career in civil aviation. 

The post-war record of British airline and 
other civil pilots is second to none, is better 
than most, and is something to be proud of, 
but that does not mean that things could not 
be better in some respects; one is in the 
professional pride of pilots as indicated by 
self-imposed discipline and the knowledge 
and determination that their contribution to 
civil aviation does not start and finish by 
fying aeroplanes. It is essential that all 
pilots should realise this and that the future 
standing of the profession, and to a large 
measure the efficiency of civil flying, depends 
on their building up the background of a 
high professional standard of etiquette, 
discipline and ability, which will serve as an 
example to the youngsters of the future. I 
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look forward to the day when company 
regulations and disciplinary codes will be 
unnecessary to help achieve this. 

It cannot be done the easy way and the 
process of education must be applied both 
in the air and on the ground, so that pilots 
accept fully the responsibilities which their 
position gives them. 

An example of what is involved is the case 
of the captain whose aircraft has a taxi-ing 
accident. He is manceuvring his aircraft in 
a confined space under the direction of a 
tarmac controller when his wing tip strikes 
an obstacle. At the subsequent enquiry the 
pilot is found to blame on the grounds that 
he is responsible for the safety of his air- 
craft, even though he was signalled as clear 
by the tarmac controller. Should he be 
held to blame or not? To my mind he 
should be and I think it would be a mistake 
if it were otherwise. It may appear harsh at 
first, but I do not think that the majority of 
pilots would have it otherwise, or seek to 
avoid the resulting disciplinary action. 


OPERATING STANDARDS AND 
PROCEDURES 


I have dealt so far with some of the 
factors that appear to have an important 
bearing on ensuring the ability of the pilot 
to perform his duties properly. The real 
test, however, comes in the actual operation 
of the services and I propose to deal with 
some of the more important requirements 
for successful route operation. 


TECHNIQUES 


A great deal of thought has been put into 
this matter of handling techniques of air- 
craft as applied to airline flying and, as it 
affects every aspect of the operation, it is 
extremely important. In fact, I would say 
it is the foundation on which successful air- 
craft operation is based and as such, should 
command from every operator the attention 
it deserves. In the past there was a cry that 
flying was essentially an _ individualistic 
business and that what was good for one 
was bad for another. It should now be 
realised that there is a best way of doing 
everything, including handling an aircraft 
and executing approach procedures, and 
that it should be applied by every pilot. This 
will still leave plenty of scope for individual 
touch in executing the various exercises, 
which must be carried out at all times in 
the approved manner and practised as much 
as possible, because only by constant 
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practice can they be applied effectively in 
the worst conditions, while ensuring the 
maximum safety. 

The following are some examples of such 
recommended procedures as applied to air- 
line flying:— 

All drills to be checked against cards. 
(a) Taxi-ing 

Bursts of engines are very disturbing to 
passengers and while taxi-ing gentle use of 
brake and engines results in smooth taxi-ing 
—the speed is kept down consistent with 
wind conditions and the surface of the track. 
The aircraft is stopped without jarring and 
at night taxi-ing lights are invariably used. 
(b) Take-off 

Take-offs have to be made in all condi- 
tions of visibility down to the minimum, and 
varying winds, but should always be made 
by slow increases of power to achieve steady 
acceleration. The tail should be lifted 
gradually on the tail-wheel type to make 
the changes in cabin floor angle as smooth as 
possible. 

The unstick should be made at a speed as 
near the safety speed as possible to make 
dealing with engine failure on take-off straight 
forward. Power reduction after the unstick is 
made slowly and the aircraft is settled in its 
climb as soon as possible. The engine 
temperatures and pressures are checked. 


(c) Climb 

Consistent with weather and local terrain, 
an average climb rate of 500 feet a minute 
should normally be used for safe engine 
operation and passenger comfort in a non- 
pressurised aircraft. No climbing turns are 
made at low altitude, say below 500 to 600 
feet and as in any turn, the bank is limited 
to give a rate one turn, or less. 


(d) Descent 

Under visual conditions the on-track 
descent is started early, depending on height 
and the descent is made at a mean rate not 
exceeding 400 to 500 feet/min. to ensure 
passenger comfort in non-pressurised air- 
craft. All instrument procedures are based 
on the same standard descent rate. 


(e) Instrument flying 

In all instrument flying the aim is to 
achieve smooth, accurate flying and the use 
of the rudder is minimised. Small turns are 
made on bank to give comfort in the 
passenger cabin when correcting errors on 
heading or making’ small alterations. 
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Pedalling the rudder to hold a gyro heading 
—‘harmonium feet”—causes_ discomfort 
in the tail of a larger aircraft. 

Rate one turns are never exceeded. 

Beam procedures and other let-down 
aids are carried out from a procedure card 
showing the pattern for the airfield used. Full 
crew co-operation is used in timing and 
checking heights at beacons and _ turning 
points. The radio contact with control js 
normally maintained by some crew member 
other than the captain, who is thus fully 
engaged in instrument flying and adhering 
to the pattern. 


(f) Normal approach landing 

The approach is often made straight in, 
but whether like this, or following a circuit, 
the whole is a gradual manceuvre and the 
transition from cruise to touchdown is a 
process of slow, even, loss of height accom- 
panied by gradual power reduction, flap 
selection in stages, and steady increase of 
R.P.M. to the setting used for landing, 
bearing in mind the possible balked landing. 

The turns used are slow and a bank is 
limited to 15-20°. Captains are trained to 
use a final approach (in normal visibility) of 
about two miles and so are lined up with 
their runway for a full minute before 
crossing the boundary. On_ this final 
approach an endeavour is made to use a 
constant power setting to give a constant 
rate of descent of no more than 600 feet / min. 
at approach air speed. This speed is main- 
tained above the single-engine or asymmetric 
safety speed to enable an overshoot to be 
carried out if required, should an engine be 
lost on final approach. 

Large changes of power are avoided as 
being worrying to passengers, particularly 
near the ground. The ability to approach 
down a standard path each time results in 
a higher percentage of good landings, as the 
captain sets up for himself as near identical 
conditions for each landing as he possibly 
can; height and speed across the boundary 
at certain power being constant. 


(g) Landing 

The landing is apt to be remembered by 
passengers as the conclusion of their flight 
and all efforts are made to ensure smooth 
contact with the runway. With a tail-wheel 
type this is invariably done by making a tail 
down wheel landing and not a three-point 
landing. The cabin floor angle in the 
steeper types, such as Dakotas and 
Lancastrians, is 
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possible by slow rounding out and by land- 
ing with the tail just off the ground. The 
wheel landing in the level flight attitude 
does not permit much reduction in speed 
since no incidence can be used, and results 
in longer landing distances, which may be 
prohibited on some airfields. 

Brakes are used smoothly and progres- 
sively to retard the aircraft. 


(h) Asymmetric approach and landing 
Asymmetric approaches are made from 
the normal circuit, irrespective of which side 
of the aircraft has the dead engine and the 
normal approach path is used. The 
captain tries to give himself the same 
boundary conditions of height and speed as 


‘those with which he is familiar on his normal 


landing. The available power is used to 
adjust the descent in the usual way and the 
speed is maintained above the asymmetric 
safety speed until committed to the landing 
when, and only then, steps are taken to 
reduce speed for crossing the fence. 

In the very unlikely event of an 
asymmetric overshoot being necessary, it is 
started as early as possible—the speed is 
maintained above the asymmetric safety 
speed while retracting the wheels and flap 
and the aircraft is then climbed away at 
the optimum climbing speed for the power 
available. The condition of temperature 
and weight and the local terrain govern the 
captain’s action. 

The words “smooth,” “ gradual,” 
“gentle,” “even” and so on, constantly 
recurring in the preceding paragraphs are 
the whole keynote to airline handling 
techniques. 


COMPOSITION OF FLIGHT CREWS 


The composition of flight crews can have 
a most important bearing on the safety of 
flight and must be carefully considered in 
relation to any particular operation. With 
Operators expecting a progressive regularity 
in the operating of their services, there are 
indications that the requirement for the 
maximum human efficiency during the 
critical periods of flight makes it preferable 
to have two pilots whenever possible. 
Recent research indicates that when making 
a landing in extremely low visibility of 
200-300 yards, some pilots find it difficult 
to make the change from instruments to 
visual. To overcome this, experiments are 
being renewed where the first officer does 
the actual flying and the captain monitors 
the procedure, thus giving him more time 
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to adapt himself to the quickly changing 
conditions immediately before taking over 
the controls for landing. 

Whatever the composition of a flight crew 
—and there are several arguments in favour 
of different compositions—it is essential that 
they be individually trained to a_ high 
standard and also highly trained to operate 
as a team. The different methods and 
systems that are applied in the control 
cabin are amazing, and when one considers 
that in any large organisation it is more or 
less impossible to maintain the same crew 
for any length of time, it becomes vitally 
important that there should be standard 
procedures which must always be practised 
for the general operation of the aircraft, 
particularly for making the vital checks and 
drills. Such procedures should ensure that 
full use is made of the crew composition to 
avoid mistakes by one member or another 
by a system of checking that ensures the 
maximum efficiency of action in an 
emergency. The wrong button pressed, or 
the wrong handle pulled, can easily lead to 
disaster and the quickness with which 
remedial action is taken in the event of 
engine failure, for example, can mean the 
difference between an accident and an 
incident, particularly with present-day air- 
craft with their varying degrees of perform- 
ance and reliability. 


ROUTE OPERATIONAL STANDARDS 


So far it has been left to the various 
operators in this country to determine 
largely for themselves their standards of 
operation, the Ministry’s responsibility being 
primarily concerned with the “licensing to 
fly” of the aircraft and personnel. These 
licences, of course, are no criterion of the 
ability of the aircraft or pilot to perform 
the job safely and efficiently, and common 
standards of operation will not be forth- 
coming until every operator is required to 
produce proof of competency of both 
aircraft and pilot to perform an operation. I 
refer to such things as aircraft route, single- 
engine performance and pilot experience of 
the route, and of the operation of a 
particular aircraft over the route. Detailed 
recommendations are in various I.C.A.O. 
publications such as, “Standards and 
Recommended Practices for Operation of 
Aircraft in Scheduled Public Transport” 
and while they refer specifically to scheduled 
public transport, it is in the interests of 
safety and efficiency that all operators should 
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study these recommendations and, wherever 
possible, apply them now. Just as a bad 
driver is a menace to the good drivers on 
the road, so is a badly operated aeroplane 
a danger to all other aircraft in the air near 
it, particularly under I.F.R. (Instrument 
Flight Rules) conditions, either because of 
piloting, maintenance or fuel reserves. 


INSTRUMENT FLYING 

I have indicated that a very high initial 
standard of instrument flying is necessary 
before a pilot should be launched on route 
operation, that this can be achieved, and 
that constant practice is required, either at 
a training school or on the routes if the 
pilot is to maintain those standards. This 
is not easy in the face of schedule keeping, 
particularly when related to European 
operations and high summer utilisation. It 
will not be achieved unless the pilot realises 
the need for it, and is keen to give up some 
of his time for it. There is a_ strong 
tendency among some pilots, who do not 
appreciate what really accurate instrument 
flying is, particularly when coping with an 
emergency such as an engine failure at take- 
off, to think that by flying regularly on the 
routes they are attaining and maintaining 
the necessary standard. The introduction 
of the Ministry of Civil Aviation instrument 
rating will help to dispel this idea, but it 
will still pay the operator if he realises that 
over and above this the maximum possible 
opportunity should be afforded the pilots 
to maintain their standards, both on the 
link trainer, at base, and on the routes, by 
means of a checking system. 

For such a scheme to succeed, it is essen- 
tial that pilots should realise the need for it 
and its object, and should be prepared to 
co-operate. As in the medical service, the 
checking system should be there to help 
them and should be a logical sequel to the 
initial training, when the necessary standards 
are attained. Pilots should be able to 
approach such checks, assured that they will 
be given fair treatment and, as I have indi- 
cated, the best way to do this is to treat them 
as customers who must be given good service. 

Statistics in the past two years show that, 
with a high initial passing out standard, it 
is necessary for the pilot to put in much 
constructive practice during the subsequent 
months if he is to produce as high a 
standard of instrument flying on his return 
to his training base as when he left. Once 
this has been appreciated, however, there 
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is a steady improvement in the standard, 
which is reflected in the steadily decreased 
weather minima that can be laid down; 
leading eventually to those blind landings 
one hears so much about. Before that day 
is reached considerable improvement will be 
required both in the man and the machine. 


NAVIGATION 

A high standard of instrument flying is 
only part of the story, although to my mind 
it is probably one of the major parts. The 
same principle of high standards and exact 
methods must be applied to flying en route 
if those mountain-hitting accidents are to 
be eradicated. Holding a _ Ist class 
navigator’s or 2nd “N” licence is one 
matter—effective navigation is another. 
Here again, if the necessary efficiency is to 
be attained, there must be continuous effort; 
it is not enough to have one navigation 
standard and system for bad weather and 
another for good. The same exact methods 
and procedure must be applied to both, and 
it is only in this way that the necessary 
accuracy and efficiency can be attained and 
maintained. It is only too easy for a pilot 
on a fine day to put in “ George,” pick up 
his book and, with occasional corrections 
based on haphazard or infrequent radio 
bearings, arrive at his destination. It 
produces slip-shod methods and pilots who 
will be found wanting in emergencies. 

It will be found that by laying down high 
standards of navigation procedure, calling 
for full chart and log records of every flight, 
however short, followed by regular checking, 
there will be produced a really high 
standard of practical navigation on short- 
hauls as well as longer routes. What is just 
as important, this will give the second 
pilot an interest in his job which otherwise 
will become tedious, and will help to 
develop a pride of achievement which helps 
morale and increases efficiency and safety. 


PERSONAL SUPERVISION 

The standards of navigation and _ flying 
can fairly easily be assessed and watched, 
but there still remains to my mind the most 
important factor to be determined—the 
ability of the pilot to know his own limita- 
tions when coming up against the various 
day-to-day operating problems. This 


ability for example, is particularly important 
during the transition period from summer to 
autumn and winter conditions, when a long 
period of good weather may have produced 
a considerable drop in the standard of 
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instrument flying and execution of approach 

rocedures. The most that can be done, I 
feel, is to guide the young pilot along the 
right lines by giving him every support when 
he says “No, I will not go,” which often 
takes a great deal more strength of character 
to do than to say “yes” when operating 
alongside more experienced pilots. In the 
main, however, it must be left to the 
individual to decide, basing his decisions on 
his training and instruction. When on the 
job, each phase of the operation must be 
carefully assessed, such as at take-off, 
assessing the take-off run required, the 
minimum safety speeds and, when flying on 
the routes, in apparent good weather condi- 
tions being prepared for the emergency 
diversion caused by weather, mechanical 
breakdowns and so forth. 

One of our most famous airmen has said 
that “ the price of safety is eternal vigilance ” 
and I think the preaching of this truth to 
pilots and ensuring that they practice it, is 
about the best safeguard that one can have. 
WEATHER MINIMA 


One of the ways to help the pilot and to 
ensure a common standard of operation and 
adequate safety margin, is to impose 
“weather minima.” Its value is a debatable 
point among pilots, but if applied and used 
intelligently, I consider it is a definite 
requirement today. It is normally shown 
as a combination of cloud height and 
visibility, but its interpretation and applica- 
tion varies from country to country, and 
from company to company. The present 
trend is that the imposition of weather 
minima will become universal in the near 
future—in fact it is nearly so now—but I 
believe that the laying down of weather 
minima must be made by those who have a 
knowledge of the pilots concerned, namely 
the employer and not by the State. There 
are some pilots who contest that these 
minima are not necessary at all and that the 
decision should be left entirely to the 
individual. Personally, I do not agree, as 
it has been found that the goal of every 
pilot knowing his own limitations and being 
able to apply it without guidance, has not 
yet been reached and it is necessary in the 
interests of safety to restrict the level of 
Operations to the average; but for efficient 
Operation that “average” must be a high one. 


ROUTE FACILITIES 


Irrespective of the standards operated by 
the pilot, there are a number of factors 
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outside his direct control which can have a 
vital effect on the safety, efficiency, and 
economy of flight and these exercise the 
minds of pilots a great deal. 

I refer to the various government services 
which are laid down to help ensure the safe 
operation of our services. Primarily they 
are the route navigational aids, the meteoro- 
logical services, the air traffic control system 
and the instrument approach procedures— 
all becoming increasingly important with the 
increase in frequency of services and the 
increased operating standards expected of 
the pilot. As a human being he can be 
trained to make the best use of what is 
available, but the ultimate success of civil 
aviation from his point of view (in that it 
will determine his effective contribution) is 
just what is available, and its quality. 

In the commercial sphere a measure of 
standardisation is being attained, in that 
fares have been agreed and so on, and in 
some aspects a measure of standardisation 
has been agreed in the technical field, but 
those sections that vitally affect the flying 
ability of the pilot are still far from being 
standardised. 

As an example, the air traffic control 
systems vary from country to country; some 
are mandatory, some are not, but they all 
lag sadly behind compared with the develop- 
ment of aircraft. Today, because of the 
inefficiency of A.T.C. (Air Traffic Control) 
procedures and patterns, the effective block 
times in I.F.R. conditions on some of the 
short routes are little better than they were 
before the war, although the aircraft oper- 
ating have nearly twice the speed, and the 
pilot, to ensure an adequate margin of safety 
under adverse weather conditions, has to 
insist on carrying a large reserve of fuel. 
The position is further aggravated by the 
general unreliability of weather forecasting, 
particularly when conditions are unstable 
and on the border line. Here again the pilot 
has to play safe and carry a large reserve. 

Similarly, with instrument approach 
procedures. Although considerable progress 
has been made, particularly with the advent 
of Ground Controlled Approach for inter- 
national operations, the pilot has to be 
efficient at up to four other systems such as 
Q.D.M., Beacon, S.B.A., and S.C.S.51, in 
order to be able to use the particular aid 
installed at a particular aerodrome. He 
can reach a high standard in each one of 
these procedures, but he can only maintain 
it by practice—and that means expense. In 
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any case, he can never attain, and certainly 
not maintain, the same standard and operate 
with such efficiency and safety as would be 
achieved if all the airfields were to be 
standardised. 

Thus today, the pilot is still relying mainly 
on his “fuel reserve” in maintaining an 
adequate degree of safety because those air- 
ports which are well equipped and into 
which he can efficiently operate under very 
poor weather conditions, are generally 
associated with a high traffic incidence and 
he has no guarantee that he will not have 
to “stack” for a long period, before he 
can land; and those airfields with low 
traffic density are poorly equipped for bad 
weather conditions and overall, it is doubtful, 
as a rule, if the weather as forecast will be the 
same as the “actual” when he arrives there. 

There is thus, to the mind of the pilot, an 
urgent need to concentrate on these things 
if air travel is to progress safely and 
efficiently. He is quite prepared to play his 
part as an individual but he must have the 
tools; he is also prepared to accept a high 
standard of personal operating discipline to 
achieve this but at present he is not at all 
satisfied that to give up any of his preroga- 
tive for the direction and control of his 
aircraft in flight would produce the necessary 
results. First it is necessary to produce an 
air traffic control scheme which will be 
mandatory to all nations, and which will be 
handled from the ground by highly efficient 
and well paid personnel. 


TIME KEEPING 


Another vital requirement for safe and 
efficient operation is a high international 
standard of en route navigation and time- 
keeping and this again has a widely varying 
standard of application, 
European operations. With high traffic 
density it is vital that an aircraft should be 
properly equipped. The ultimate success of 
any future traffic control scheme, to my 
mind, will be determined by the ability of 
the pilot to maintain accurately any 
predetermined track and to fulfil his 
estimated time of arrival at any given spot, 
to at least within one minute; there should 
be provided in the aircraft the equipment to 
enable him to do this. 

I do not pretend that all the pilots them- 
selves have reached that stage of 
understanding and efficiency today, but with 
the proper equipment, training and back- 
ground they most certainly can. 
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The lack of appreciation of accurate and 
exact time keeping is indicated by a typical 
example of unrealistic planning in existence 
today, that of deciding the traffic capacity 
and incidence at any given airport in Europe, 
The various operators get together and, 
within the laid down capacity of the airfield, 
allocate to one another the time at which 
they are to arrive at the airfield. Then 
when the various time tables are published, 
they are found to be so short that it is quite 
impossible for some operators even to keep 
their schedules, except in cases of favourable 
winds, thereby making a mockery of the 
planned incidence. This is probably caused 
by the apparent commercial value of a 
competitive time table, but it is a perfect 
example of organised chaos and can be a 
danger to safety. 

Some operators operate on _ constant 
power and so on, others vary their powers, 
but there is no common method. I con- 
sider it essential in the interests of safety 
that a standardised method of calculating 
schedules should be laid down if we are ever 
to obtain an orderly flow of traffic, and full 
account should be taken of such things as 
departure and arrival, taxi-ing time, climb 
to height, time from overhead to overhead, 
descent, and so forth, thereby establishing 
the principle that an operator intends to do 
what he says he is going to do. This will 
then greatly ease the control problem of 
the present and even more so of the future. 

The time is not far away when the require- 
ments of air traffic control, to ensure a full 
utilisation of aerodrome capacity, will 
necessitate heavy technical penalties for 
incorrect time keeping and the principle of 
accurate schedule keeping should be put into 
effect now. 


ACCIDENT INVESTIGATION 


As I indicated at the beginning, 
irrespective of the standards and procedures 
under which an _ organisation operates, 
incidents and accidents will, I am afraid, 
continue to occur all too frequently. It is 
essential that the maximum knowledge be 
gained from each one and the appropriate 
remedies be applied, if we are ever to arrive 
at that stage when flying accidents and 
incidents become a rare occurrence. 

The maximum co-operation must be 
forthcoming from each section of the 
organisation in this most important work of 
investigating accidents and incidents, and 
particularly the latter, because it has been 
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found by experience that more can often be 
learned from these than from a serious acci- 
dent where the evidence is usually so muti- 
lated or disturbed as to be worth very little. 

The main object of any accident investiga- 
tion should be to determine the cause, 
followed by prompt remedial action and not 
with the primary intent of allocating blame. 
This concept is necessary if the full 
co-operation of all concerned is forthcoming; 
this applies particularly to pilots who are 
inevitably concerned personally with all 
flying accidents. 

In the not too distant past, there was 
extreme doubt in the minds of pilots as to 
the intentions of company accident 
investigation committees and sometimes also 
of State investigations, and there grew the 
conviction that the investigations carried out 
were all too easily led to blame the pilot— 
particularly if he was not there to answer 
for himself. In all accident committees, 
therefore, it is essential that there should be 
good pilot representation and they should 
be given full opportunities to state their 


cases and bring their experience to bear on - 


the investigations. 

It is also vital, if maximum benefit is to 
be derived, that the investigation machinery 
should be able to deal rapidly with 
individual cases. There is nothing more 
demoralising to a pilot, with consequent loss 
of efficiency, than to have an accident 
investigation hanging over his head. 

Finally, it must be realised that in the 
organisation the directive for safety must 
come from the top and permeate through the 
whole organisation. Every section must be 
made to realise that it has a part to play in 
effecting the necessary safety, even though 
not directly concerned with the aircraft, and 
this should be implemented right from the 
birth of any air transport organisation. 


GENERAL RESPONSIBILITIES 


I have indicated that a pilot is not there 
just to fly the aeroplane. He has a major 
and real contribution to make towards 
other things, such as attaining a high air- 
craft reliability factor, which is vital if the 
necessary efficiency and safety record is to 


be established. It should be required of him 
to allocate a part of every flight to record- 
ing engine and other instrument readings 
which will provide the engineers with 
important information on the state of engines 
and aircraft. The co-operation of the pilot 
in this is essential if the best results are to 
be obtained, in that inaccurate readings and 
inaccurate “snagging” can be more of a 
danger than a service. To appreciate the 
need for accuracy, he must have the 
technical knowledge and, in my opinion, this 
cannot be too high, as experience has shown 
that the value of “pilot snags” bears a 
direct relation to the engineering knowledge 
he possesses. 


The pilot having spent his time and effort 
in making his contribution in the form of 
accurate and constructive recording of 
defects, often amplified by a report, it is 
essential that action be taken on _ these 
reported defects and reports, whether they 
be directly concerned with the aircraft or 
with some other part of the operation, and 
the pilot advised of the action taken. There 
is nothing more discouraging to a pilot than 
to have to continually repeat a snag or 
criticism without receiving an answer—it 
inevitably leads to a loss of interest on his 
part, with consequent loss of efficiency and 
eventually, safety. 

Not only should an organisation expect 
its pilots to take an active interest in their 
aircraft but it should train and encourage 
them to make full use of their unique 
position in that they are in contact with 
nearly all aspects of an airline’s operations. 

The pilot feels that he has a useful contri- 
bution to make and he should be encouraged 
to do so; to take an active interest in the 
ground organisations that are there to assist 
him in flight, to understand them, and where 
necessary, to praise and criticise. | These 
efforts to widen the pilot’s interests and 
responsibilities should produce a man who 
can eventually be trusted to be the backbone 
of route operational efficiency and who will 
assist in establishing a record for the airline 
second to none—both in operating efficiency, 
safety and commercial enterprise. 


DISCUSSION 


G. R. Edwards (Vickers-Armstrongs Ltd., 
Fellow): The paper had put forward matters 
which were important and which could not 
be emphasised too often; he could see 
nothing with which anyone who considered 
air safety to be important would disagree. 


The first occasion on which he had 
acquired a real appreciation of the necessity 
for quick lateral control on a civil aeroplane 
—and, frankly, until then he had not fully 
appreciated it—was when he was sitting with 
Captain James in a Viking and they were 
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trying to make it perform in icing conditions 
as satisfactorily as all aeroplanes should. On 
two or three occasions during the series of 
flights they had had to do a blind let-down 
into airfields in the South of England, and 
the absolute necessity of being able to put 
the aeroplane back on to the beam quickly 
by means of light, responsive ailerons was 
brought home to him more firmly than it 
could have been by any number of papers 
or arguments. Captain James had had far 
more to do with the fact that they had 
reached their destination than had the 
ailerons on that occasion. 

The general “handleability” of an 
aeroplane must not be lost sight of in a 
welter of requirements which might lead to 
excessive stability. They must be careful to 
attain in new aeroplanes a sensible balance 
between “ handleability and quickly 
Tesponsive controls on the one hand and, 
on the other, such stability that they became 
sluggish in their response. An aeroplane 
needed to do something more than just meet 
the various requirements that were laid 
down, if it were to do the things which 
Captain James rightly wanted it to do. 

He was inclined to hang his head in shame 
when thinking about the water leaking 
through windscreens. All conceivable sorts 
of sealing substances had been used to 
prevent it, but all had failed. 

He agreed about a standardised layout; 
apart from the layout differing between one 
type of aeroplane and another, every person 
who used a particular aeroplane wanted to 
make its layout different. Education in the 
direction of a standard layout should begin 
with the user. It was amazing how different 
the layout of the same aeroplane needed to 
be, according to the colour of the uniform 
worn by the man sitting in the front seat. 

The number of people who had been killed 
because aeroplanes had caught fire after 
relatively uneventful accidents—or what 
should be uneventful accidents—such as 
over-shooting, was large. The vast majority 


of accidents which involved fire had 
produced high fatality rates. There was 
evidence that crash-proof tanks were 


effective; in one case in which an aeroplane 
fitted with crash-proof tanks was involved 
in a serious accident, there was no fire and 
the occupants of the aeroplane had all got 
out alive. He was not sure that he would 
suggest that a “requirement” should be 
written; he did not like things being made 
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too dogmatic; there must be some discretion, 

At the same time there should be ap 
emergency exit by every seat or pair of seats, 
so that passengers could escape quickly in 
the event of an accident. 

Passengers should be encouraged to face 
the tail end of the aeroplane. Probably they 
would not like it, but they might live a good 
deal longer if they looked backwards. 

It was important to dispense with 
combustion heaters; an aeroplane could be 
warmed by the heat of compression across 
the blowers. In the average aeroplane, if it 
had not a pressure cabin, there was sufficient 
heat from the engines to warm up the 
passengers. 

Noise level in the cockpit was a problem 
which perhaps had not been taken as 
seriously as it might have been. Undoubtedly 
much of the noise was due to aerodynamic 
conditions around the windscreen but by 
fairing off the windscreen both drag and 
noise could be reduced. 

Although Captain James had had a rubat 
test pilots, they were not fair-weather pilots 
these days; on the contrary, they were some- 
times foul-weather pilots. 

In the discussion on the recent paper by 
Squadron-Leader Harrop’ on _ Planned 
Servicing in the Royal Air Force*, Mr. 
Scott Hall had made the point that the 
instrument and equipment makers should be 
given an appreciation of the importance of 
easy maintenance; he also was in favour of 
that. Many accidents had been due 
indirectly to failures of instruments and 
equipment. Radio and radar was almost as 
important to the modern aeroplane as was 
the structure itself, and it must be rubbed 
into the equipment designers and manufac- 
turers that when one of their instruments 
failed, the means of getting the aeroplane on 
to the ground safely, if not entirely removed, 
might be made much worse. 

There was much to be said for slow land- 
ing; low stalling speeds represented quite an 
asset in the safety of an aeroplane. 

But when features had been developed 
which would make an aeroplane safe, how 
much credit did the prospective customer 
give to an aeroplane because it embodied 
those features? In general the customer 
dictated the sort of thing which was to be 
the fashion. If the customer were prepared 
to pay more for an aeroplane because tt 
embodied safety features, or if he were 
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prepared to accept a reduction of payload, 
and if all the customers were prepared to say 
the same thing, they would have aeroplanes 
embodying those features. But when the 
opposite was the case, and an aeroplane 
became a more marketable proposition 
because the payload figures stated in the 
brochure were higher than those of other 
machines which embodied the safety features 
which Captain James wanted to see, then 
they would not be seen for some time to 
come, because the manufacturer who was 
prepared to incorporate those features would 
not sell his aeroplane. Thus, the customers 
themselves must assist by demanding safety 
and must be prepared to accept some of the 
sacrifices entailed in the use of the added 
safety devices; they must take the initiative. 

The introduction of turbine engines would 
enable them to effect a considerable increase 
in safety and he believed the ability to instal 
more power plants of lower weight per unit 
would give greater safety, as would also the 
use of paraffin instead of petrol, and the 
lack of vibration would be beneficial to 
the passengers, the crew and the aircraft. 

N. J. Hancock (Ministry of Supply, Assoc. 
Fellow): He had hoped to hear some 
criticism about the appalling array of 
instruments in most cockpits. 

It took twenty years to get rid of the brake 
pressure gauge and there must be many 
other instruments which were not really 
needed. Would Captain James give a list— 
which he hoped would be a short one—of 
the instruments which he considered to be 
absolutely essential for safety? 

Marcus Langley (Tiltman-Langley Lab- 
oratories, Fellow): It would save much time 
if they knew what the accident investigation 
people meant when they referred to an 
accident as having been due to pilot error. 
He spoke, not as a pilot, but as an aircraft 
engineer and designer, and felt that engineers 
were too often inclined to heave a sigh of 
telief when the accident investigation people 
reported an accident as being due to pilot 
error, for they felt they had been let out. 

If a designer produced an aeroplane with 
a critical stall, then one day a pilot, being 
alittle tired, would stall it into the ground 
and be killed; either the accident was his 
own fault because he had not held off the 
‘tall, or it was the fault of the designer for 
having designed a machine with bad flying 
characteristics. If a tired pilot fumbled his 
controls because the cockpit was uncomfort- 
able on a long journey, was it his fault, or 
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was the designer to blame for bad cockpit 
layout? 

Many accidents were incorporated in 
aeroplanes on the drawing board; he knew 
personally of many accidents which had 
been due to features incorporated by 
draughtsmen working on the details. There 
were cases where someone had completely 
overlooked the fact that a fuse was missing 
from an important electrical circuit, or a 
switch was in the wrong place, or pipelines 
had run over the top. of electrical 
accumulators and there was leakage from the 
joints on to the accumulators. The junior 
draughtsman was hardly to be blamed, for 
he was inexperienced; the project engineer 
and the designer were to blame. if the 
evidence were destroyed in the crash an 
accident resulting from such things might be 
attributed to “ pilot error.” 

M. C. Campion (Graduate): Dr. Bergin 
had stressed the importance of good eyesight 
among pilots; could artificial aids such as 
spectacles, contact lenses, or lenses in goggles 
be used without detriment to the main- 
tenance of a fair degree of safety? It was 
not likely that a person who wore spectacles 
regularly would forget them, although a 
person using them intermittently might. 

A fair amount of eye fatigue could occur 
due to A.C. lighting, he imagined, especially 
from fluorescent lighting. If the frequency 
dropped much below 50 cycles per second 
there was flickering, and pilots who sat 
under such lighting in rest rooms, messes, 
and so on, might suffer from it. 

He thought that conditions could be 
greatly improved if more weight were given 
to comfort and if equipment which was not 
really needed were removed; some space 
was being devoted to equipment which was 
more a luxury than a necessity. During a 
discussion on the Brabazon I, the remark 
had been made that, whereas aeroplanes 
became larger, cabins remained more or less 
the same size, although the quantity of 
instruments and equipment put into the 
cabin space became greater. That seemed 
another reason for reducing the amount of 
equipment installed. 

It might be a good thing if both the 
“Jargest and smallest sizes of pilot obtain- 
able” were asked to fly a given aeroplane, 
rather than just the standard size of pilot. 
Aeroplanes were becoming more and more 
complicated and the safety margin in the 
design of the structure, and possibly the rest 
of the design, was becoming smaller and 
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smaller; safety factors were being reduced whether a warning could be conveyed most 
from 2 to 14 and 1-1/3, and probably would efficiently to the pilot by shining a red light, 
be reduced to 1 before long. ' by making a loud noise or by sticking a pin 
If the designers, stressmen and draughts- in him? 
men were given more time to examine the He agreed with Captain James that a pilot 
products of their brains and hands, possibly should have the same array around him 
there would be less omissions; they might be when changing from the control cabin of 
able to spot that something had been left out. one aeroplane to that of another, that he 
A. E. Woodward Nutt (Ministry of should receive his information in the same 
Supply, Fellow): Whereas accidents were sort of way and should be provided with the 
analysed in every possible way, there was same sort of means to give effect to it. But 
se little analysis of occurrences which had_ was that degree of standardisation sufficient? 
ee almost developed into accidents. There The response of the aircraft to the actions 
Ee were obvious difficulties, but much good taken by the pilot should, desirably, also be 
would result if operators were ready to put the same in each case, because the pilot's 
their cards on the table, if they would pool subsequent actions obviously depended op 
information on such incidents, so that the reaction of the aircraft to his first action, 
detailed analyses could be made. Mr. Edwards had referred to the increased 
In many ways aeroplanes were becoming safety of the turbine engines, particularly in 
more and more difficult to fly. The various preventing fires in the event of a crash 
mechanical aids, instruments and so on. because it used what was really a safety 
were, if anything, adding to the burden on fuel; it was most important that the turbine 
the pilots. Was that right? Dr. Bergin engine should continue to use that safety 
had given a long list of the physical attributes fuel and that any tendency to use petrol in 
of a good pilot and Captain James had turbine engines should be quashed firmly. 
enlarged on means of improving the lot of When an accident was being investigated, 
the pilot; but should not aeronautical there seemed generally to be three or four 
engineers concentrate more on trying to make factors which might have caused the accident 
conditions better from the other direction, by had the circumstances been a little different. 
making aeroplanes easier to fly? Did they That suggested that frequently there must 
want to breed a race of super pilots, or be some things a little wrong with aeroplanes 
should they not rather aim at better and which in circumstances a little unfortunate 
simpler aeroplanes? could cause serious trouble. Thus the 
Dr. H. Roxbee Cox (President, Fellow): investigation of what were called 
Dr. Bergin had spoken of the way hearing “incidents,” the collection and analysis of 
deteriorated under normal noise conditions statistical data relating to mishaps, was most 
in aircraft, and of the prevention of that important; but he was not sure that adequate 
deterioration by the use of properly designed machinery existed for collecting and 
helmets, but it might be difficult to persuade analysing that important data. 
people always to use the right kind of helmet Had he misunderstood Captain James who 
or even any helmet at all. Ought they to seemed to him to have said that a pilot 
depend too much on a pilot’s hearing? There wanted to feel that he had a system available 
were other senses available, but presumably to him which enabled him to get rid of ice? 
their accuracy was variable. The pilot did The pilot was entitled to a system which 
not use either taste or smell, nor was he prevented the formation of ice; and it seemed 
likely to, in order to gain information in the to him that, particularly’ with modem 
course of his duties, but he wondered engines, there was sufficient free heat about 
whether his other senses—feel, hearing and to enable that target to be achieved, if they 
sight—varied in the accuracy with which set their minds to it. 
they could transmit information to him and He felt it difficult to believe that a large 
whether they were used accordingly. Was number of people would object to sitting 
hearing as accurate as sight in transmitting with their backs to the engines. Rarely 
information to the pilot? Sometimes it would were there any strong feelings on the matter 
take too long to transmit a message through in a railway train, for example, and he 
the ear, whereas the corresponding visual believed that passengers would rapidly 
message might be given in an instant. become accustomed to it. But, if they would 
Should they concentrate still more on the use really object, they might be provided with 
of sight? Was there information to show _ swivel seats! 
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|. ORIGIN AND PRESENT SCOPE 


ITH the return of British civil aviation to 
normal operating conditions after the war 
it was found that several problems which had 
previously given little cause for concern had 
become acute. More especially, the increase 
in the volume of traffic, particularly under 
instrument flying conditions, together with 
certain indirect consequences of the greater 
sizes and weights of aircraft, had brought 
about greatly increased congestion around 
major airports, and there was, therefore, an 
urgent requirement for an effective system 
of close air traffic control to ensure the safety 
and rapid movement of the traffic. 
The Ministry of Civil Aviation imme- 
diately gave much attention to this problem 
of air traffic control, but at once found itself 
in serious difficulties on account of lack of 
sufficiently precise knowledge of the traffic 
and the traffic pattern. The then Controller 
of Technical and Operational Services, Sir 
Conrad Collier, realised that the obtaining 
of the necessary data concerning air traffic 
control and other matters of technical 
interest was essentially a matter of opera- 
tional research, and in 1947 small 
operational research section was established 
which began work in the autumn of that year. 
According to the International Civil 
Aviation Organisation definition, air traffic 
control is concerned with the safe and 
expeditious flow of air traffic, and it is 
obvious that studies connected with it must 
not be restricted to a narrow field; for 
example, at one extreme, traffic control 
impinges on long-distance navigation, while 
at the other extreme it must be concerned 
with the design and layout of airport run- 
Ways, taxiways, aprons, and so on, and basic 
iesearch must enter into these marginal fields. 
Further, good control depends on adequate 
communications and data concerning the 
ue of channels are therefore needed for 
planning purposes. The newly-formed 
Operational Research Section accordingly 
look as its first tasks the obtaining of basic 
data concerning traffic movements, traffic 
patterns and communications, and, for the 
purpose of long-term planning the develop- 
ment of theoretical treatments of certain 
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problems. While not necessarily precise, 
these theoretical studies will, it is hoped, be 
useful for purposes of extrapolation. 

This paper records the main results of 
researches into these topics carried out over 
the past year or so, and divides itself 
naturally into— 

Experimental Investigations including 

“Time and Motion” studies of take-off 

and landing, studies of air/ground com- 

munications, and an analysis of the traffic 
and traffic pattern in South-Eastern 

England. 

Theoretical Investigations into problems of 

traffic congestion. 


2. EXPERIMENTAL INVESTIGATIONS 
2.1. ‘TIME AND MOTION STUDIES 


It was immediately obvious that, for the 
purpose of control and airport design, data 
were required on the times aircraft needed 
to carry out various operations and accord- 
ingly teams of workers were located for as 
long as necessary in the control towers at 
London, Northolt,* and Croydon airports to 
observe and time by means of stop watches. 

(a) Take-off 

Before taking off, an aircraft normally 
taxies to the junction of the taxiway and 
runway, and there the engines are run up and 
the cockpit check made. Subsequently, 
possibly after a delay due to control, the 
aircraft enters, and lines itself up on, the 
runway and finally, possibly after another 
control delay, is allowed to take off. The 
studies show that the running-up and the 
cockpit drill occupy an average of 3} minutes 
for four-engined aircraft, 24 minutes for 
large twin-engined aircraft, and about one 
minute for small aircraft. Entering and 
lining up on the runway requires on the 
average about one minute for all large types 
of aircraft and half a minute for small air- 
craft, while a further minute (rather less for 
small aircraft) is required for the aircraft 
to take off and clear the airport. 

The relatively long time required for 
running up demands that ample space shall 


*The work at Northolt Airport was done by a 
team lent by British European Airways. 
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be available for several aircraft to carry out 
this procedure simultaneously and also that 
the arrangements should be such that an 
aircraft ready for take-off shall not be 
delayed by one requiring more time, a point 
to be taken into account in airport design. 

(b) Landing 

The actual approach and landing 
procedure depend jointly on the state of the 
weather, the aids carried by particular air- 
craft and the degree of congestion at the 
airport. The most difficult conditions arise 
when instrument flight rules (I.F.R.) are in 
operation and the congestion is such that 
waiting aircraft have to be “ stacked.” There 
is a large variety of equipment carried by 
aircraft using both London and Northolt 
Airports and a good deal of freedom has at 
present to be allowed to aircraft as to the 
method of holding: some aircraft use SBA 
(Standard Beam Approach), some the ILS 
(Instrument Landing System), and some use 
radio ranges, while in certain weather 
conditions visual holding above the overcast 
is possible. This lack of uniformity and the 
resulting lack of that precise knowledge of 
the positions of individual aircraft which is 
a pre-requisite for safe and expeditious 
traffic handling, add greatly to the difficulties 
of approach controllers and necessarily slow 
down the rate of movement. 

On account of its obvious importance, a 
particular study has been made of the 
landing of aircraft from stacks, and it has 
been found convenient to divide the opera- 
tion into two parts; first the phase between 
an aircraft’s being given “No. | to land” 
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and its being given “clear to land,” during 
which it moves from the stack to the appro. 
priate point on the landing aid; and secondly 
that between its being given “ clear to land” 
and its turning off the runway. For brevity 
the times required by these phases have been 
called the “approach time” and “ landing 
time” respectively. 

The “approach time” was found to be 
very variable, as shown by Figs. | and 2, 
which show the distribution for London and 
Northolt airports respectively, observed 
during a check in August 1948, and in Fig, 
3 which shows the corresponding distribu. 
tion for London Airport in November 1947 
when more observations were possible. 
The most striking feature of all these 
distributions is their very large spread: with 
a mean “approach time” of about seven 
minutes at London and six minutes at 
Northolt an appreciable number of aircraft 
at both airports required over 15 minutes 
for this phase of the landing sequence. The 
very short approach times are usually 
associated with conditions which permit 
visual holding. 

The “ landing times” proved to be rather 
more consistent among themselves, and 
averaged about 24 minutes for four-engined 
aircraft (80 per cent. lying between 14 and 
4 minutes) and two minutes for large twin- 
engined aircraft (80 per cent. between 1} and 
2} minutes), of which about one minute in 
each case elapsed between the aircraft's 
touching down and its turning off the run- 
way. For small aircraft at Croydon Air 
port the approach time was about three 
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Fig. 2. 
Distribution of “Approach Times.” Northolt 
Airport, 1948. 
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minutes and the landing time 14 minutes, 
about } minute being spent on the runway. 
According to present control practice, a 
landing aircraft denies the use of the runway 
0 other landing aircraft (save in cases of 
emergency) from the time it is given “ No. 1 
jo land” until it is clear of the runway. On 
the average then, aircraft landing from 
sacks under I.F.R. occupy the runway for 
about 94 minutes at London Airport and 
§ minutes at Northolt Airport, the difference 
being probably due, in the main, to the more 
sandard procedure possible at Northolt. 
These values are in both cases unduly large 
and the simultaneous reduction of the mean 
value and the spread, which might be 
dfected by changes in procedure, would do 
much to increase the handling capacities of 
the airports and consequently to reduce the 
delays to which aircraft are so often subject. 
(c) Delays 

Traffic delays, whether on the ground or 
inthe air, are constant sources of irritation 
to passengers and loss to operators, and their 
incidence and duration were accordingly 
given detailed consideration during the 
studies. At London Airport in August 1948 
under I.F.R. nearly half the aircraft suffered 
sme delay on take-off, usually due to 
having to wait for another aircraft to land, 
but the average delay on all aircraft was 
only a little over two minutes, and on the 
delayed aircraft five minutes. At Northolt 
at the same time nearly three quarters of 
the departing aircraft were delayed, the 
average delay being about 34 minutes for 
all aircraft and five minutes for the delayed 
aircraft, the usual cause, again, being a 
landing aircraft. 

At London Airport in August 1948 under 
LF.R. about 40 per cent. of arriving aircraft 
were held for an average time of rather less 
than 10 minutes, corresponding to a delay 
of rather over 34 minutes if averaged over 
all aircraft. At Northolt 65 per cent. of the 
arriving aircraft were held either at the air- 
port or at the entrance to the Metropolitan 
Control Zone for an average time of 164 
minutes, corresponding to rather over 104 
minutes for all aircraft. The larger delays 
at Northolt undoubtedly arose because the 
aport is appreciably more heavily loaded. 
Delays on landing are almost always due to 
other aircraft landing ahead. 

(d) Taxi-ing speeds 

In the case of four-engined and large 
Win-engined aircraft it has been found that 
the average speed of taxi-ing, from start to 
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Distribution of “Approach Times,” London 
Airport, 1947. 
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stop is about 20 m.p.h. for routes of the 
order of 1,200 yards in length, and that the 
uniform “cruising speed” is in the region 
of 30-35 m.p.h: 


2.2. UTILISATION OF COMMUNICATIONS 
CHANNELS 

In view of the importance of instantaneous 
communication between ground and aircraft, 
a study is being made of the number and 
lengths of messages on the various com- 
munications channels, and the utilisation of 
the channels. This work is as yet far from 
complete, and has been restricted so far 
to a single local control frequency, namely 
118.1 Mes., at London Airport, for which 
the installation of voice-recorders has made 
possible a fairly complete analysis. Under 
V.F.R. (Visual Flight Rules) it appears 
that communication takes place between the 
ground and the aircraft for an aggregate time 
of about 60 seconds while the aircraft, 
whether taking-off or landing, is under local 
control. Under I.F.R. an aircraft taking-off 
is in communication with local control for 
about 80 seconds, and one landing for about 
100 seconds. 

These times represent, on the average, 
about six separate communications, rather 
more under I.F.R. than V.F.R., and rather 
more during landing than take-off. the 
average length of an unbroken conversation 
being thus some 12 seconds, with, however, 
considerable variability, as may be seen 
from Fig. 4, which depicts the distribution of 
call-lengths. 

In addition to the operational R/T traffic 
associated with aircraft using London Air- 
port, the communications channel on 118.1 
Mcs. carries a certain amount of traffic 
associated with non-operational ground 
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movements and radio tests, and is also 
subject to a measure of interference from 
nearby facilities using the same frequency. 
The total utilisation of the channel as heard 
on the ground at London Airport slightly 
exceeds 40 per cent. during hours of peak 
aircraft movements (the maximum aircraft 
rate observed was 16 aircraft per hour) made 
up of 32 per cent. used operationally, 5 per 
cent. for non-operational ground movements 
and radio tests, and 3 per cent. of extraneous 
interference. 

2.3. NAVIGATION 

An effective positive control system 
demands that controllers shall have a suffi- 
ciently accurate knowledge of the present 
positions of all the aircraft in the area for 
which they are responsible, and also know 
their tracks and speeds well enough to 
estimate their future positions, while satis- 
factory height-keeping is obviously essential 
to the use of altitude separation as a means 
of ensuring safety. In practice, aircraft are 
supposed to report their positions at certain 
times and, under I.F.R., to enter the Metro- 
politan Control Zone at one or other of a 
number of defined points, and also to 
estimate their times of arrival at certain fixed 
points, normally the airport of destination 
itself or, under I.F.R., the point at which they 
will enter the Metropolitan Control Zone. 
Recently the provision of a _ long-range 
radar equipment (M.E.W.) at London Air- 
port has made it possible to begin a study 
of various aspects of short-range navigation. 

The M.E.W. has a maximum range of 
some 150 miles for aircraft flying sufficiently 
high, but in practice its effective range for 
civil aircraft is only about 50-60 miles since 
this is the limiting range for aircraft at an 
altitude of 3,000 feet. Aircraft flying at 
10,000 feet can be tracked for 90 miles. 
Further, with the equipment as at first 
erected, the radar cover towards the North 
was restricted by buildings along the Bath 
Road; this defect has now been largely 
overcome by mounting the radar head on a 
tower, but the information presented here 
relates to the earlier arrangement. The 
equipment has the serious defect that it does 
not incorporate devices for completely sup- 
pressing the permanent echoes and therefore, 
the cover is poor in certain areas, particularly 
in the neighbourhood of the North Downs; 
and for the same reason it is normally 
impossible to track aircraft effectively inside 
the Metropolitan Control Zone. 

In the carrying out of the observations, the 
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basic plan positions of the aircraft were 
recorded photographically by means of a 
cine-camera, usually arranged to expose a 
single frame for 20 revolutions of the aerial 
head (about 5 minutes), since this procedure 
gave tracks long enough to ease the immense 
labour of analysis, yet short enough to avoid 
undue confusion. 

The study of the traffic behaviour, 
although apparently simple, has in practice 
proved extraordinarily difficult. While a 
total of over six hundred tracks under LFR. 
was recorded, it was possible to analyse 
only about a third of these, and even this 
number was seriously reduced when more 
detailed break-down was attempted, mainly 
because of lack of the relevant ancillary 
data. The sample, too, was manifestly 
deficient in the traffic of charter operators, 
since their main base of operations (Croy- 
don) lies within the area most affected by 
permanent echoes. Within these statistical 
and sampling limitations, however, a number 
of useful figures relating to flights under 
I.F.R. have been obtained. 

As regards the accuracy of entrance into, 
or exit from, the Metropolitan Control Zone, 
it has been found from a sample of 102 
inbound and 132 outbound scheduled air- 
craft that 71 per cent. of the inbound and 
80 per cent. of the outbound aircraft pass 
within two nautical miles of the appropriate 
beacons, while two per cent. of the inbound 
and four per cent. of the outbound traffic 
pass at minimum distances greater than five 
nautical miles, the mean minimum distances 
being 1.6 nautical miles for inbound and 1.2 
nautical miles for outbound aircraft. Fig. 5, 
which may be regarded as typical, shows the 
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Fig. 4. 
Distribution of call-lengths on the R/T Channel, 
118.1 mcs., at London Airport. 
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tracks of twenty civil aircraft observed under 
LF.R. during one hour, the actual times 
being indicated on the tracks. Unfortunately 
it was not possible to measure the altitudes 
with a useful accuracy. 

_The work on the accuracy of estimated 
times of arrival (E.T.A.) at the beacons was 
seriously handicapped by paucity of ancillary 
information, and data relating to a group 
of only 38 inbound scheduled aircraft could 
be analysed. These showed that the mean 
difference between estimated and actual time 
of arrival was zero (which indicates that 
there was no systematic tendency to be early 
or late) and that the standard deviation was 
34 minutes. 

According to current rules, pilots are not 
required to amend FE.T.A.’s unless the 
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Fig. 5. 
Aircraft tracks in South-East England (1.F.R.). 


change is greater than five minutes, and it is 
of interest to note that about 16 per cent. 
were more than five minutes in error. On 
the average, E.T.A.’s were passed to Control 
23 minutes before the actual time of arrival 
at the beacon, but 42 per cent. were in fact 
passed less than the 20 minutes in advance 
which is generally regarded as the minimum 
warning time required for control purposes. 
There appeared to be no correlation between 
the accuracy of E.T.A.’s and the time at 
which they were passed; at one extreme, an 
E.T.A. passed 65 minutes in advance was 
in error by only one minute, while at the 
other, an E.T.A. passed only five minutes 
in advance was in error by six minutes—the 
aircraft having in fact already passed the 
beacon when it reported its E.T.A. as five 
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minutes ahead. The maximum absolute 
error observed was nine minutes (early), this 
relating to an E.T.A. passed 30 minutes in 
advance. It is worth noting that errors in 
clocks and watches may be the cause of 
some of these discrepancies and attention to 
time standards may well be necessary for 
precise control. 

In a very few cases (19) it was possible 
to check aircraft position reports against the 
actual position as known from the M.E.W., 
and this limited sample, mostly relating to 
outbound aircraft at coastal points, gave a 
mean error of about 54 nautical miles, 
although errors of nine miles or more were 
observed on five occasions, and an error of 
26 miles on one occasion. 


2.4. ACCURACY OF HEIGHT KEEPING 

In congested localities, particularly in the 
neighbourhood of airports, aircraft separa- 
tion in height is used to increase the safety 
of flight, and in view of its obviously very 
great importance we have studied* the accur- 
acy of height keeping at several localities 
notably around two of the beacons serving 
to define the entry and exit points to the 
Metropolitan Control Zone, and in the 
neighbourhood of London and Northolt 
Airports. The results of these researches 
show that while about 80 per cent. of all 
aircraft are within +200 feet of their 
nominal heights, some of the remaining 20 
per cent. are seriously in error, departures 
of over 500 feet being common, and errors 
approaching 1,000 feet and even more being 
observed occasionally. It appears that there 
is a tendency to lose height during turns, 
and that in many cases pilots changing 
altitude seriously over-shoot before settling 
down to the new height. 

It is abundantly clear from these results 
that height separations of less than 1,000 feet 
are quite unacceptable at present, and a 
strong case can be made for some form of 
automatic altitude control. Incidentally, 
there is evidence that pilots involved in the 
intricacies of holding and letting down have 
markedly greater errors in altitude than those 
flying simple courses. 


2.5. DENSITY OF TRAFFIC 


An attempt has been made to assess the 
density of air traffic in South-Eastern 


* In a combined investigation involving Ministry of 
Civil Aviation, British European Airways Cor- 
poration and Anti-Aircraft Command, who 
provided and manned precision gun-sighting 
radar equipment. 
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Fig. 6. 
Density of aircraft tracks in South-East 
England (I.F.R.). 


England, excluding the Metropolitan Control 
Zone, in which, as already mentioned, radar 
cover is inadequate. Fig. 6 shows the 
number of aircraft tracks per hour per 10 
miles square actually observed on the radar 
screen; because of the limitations of the 
radar cover previously mentioned this is 
not, however, the total number of aircraft 
tracks, and it is impossible to ascertain with 
any precision the number of tracks lost. 
Making the simplifying but distinctly 
arbitrary assumption that the traffic is 
uniformly distributed in height between 
2,000 and 10,000 feet, the number of tracks 
observed on the periphery of the diagram 
is perhaps only a third to a quarter of the 
total, although within a circle some 30 miles 
in radius few tracks will be missed. The 
investigations can therefore be regarded as 
affording no more than an indication of the 
order of magnitude of the track density. 
Closer analysis reveals that the traffic 
pattern consists, not unexpectedly, of a 
large proportion of “random” _ tracks 
(particularly in certain areas, for example 
around R.A.F. stations, and _ especially 
around Farnborough, where the highest 
track-density is observed) superimposed on 
which are several roughly radial groups of 
tracks corresponding to flights along the 
main civil air routes. 


3. THEORETICAL STUDIES 

Many of the problems associated with civil 
air operations are essentially problems of 
congestion and delays, which appear im 
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gveral contexts, notably in connection with 
the utilisation of runways and of communica- 
tion channels. The problem is not a new 
one and has been previously considered 
extensively in connection with telephone 
circuits for a traffic having a Poisson dis- 
iribution, and subject to certain simplifying 
assumptions, explicit or implicit, about the 
size of the sample. Bowen and Pearcey,') 
and later Pearcey’*) have also considered the 
delays and congestion in airport traffic. 
3.1. RANDOM TRAFFIC MOVEMENTS 


In civil air operations, however, the 
arriving air traffic distribution is not neces- 
sarily Poisson, although observations at 
London and Northolt Airports and at 
Kingsford Smith Airport, Australia,'') show 
that it is in fact nearly so. Professor Temple 
(Scientific Adviser to the Minister of Civil 
Aviation) has shown how, by the use of 
“partition functions,” the results can be 
obtained in a form which permit an approxi- 
mate extension to traffic not having a Poisson 
distribution. 

For the purpose of analysis, and consider- 
ing runway congestion, it must be assumed 
that an arriving or departing aircraft occupies 
the runway for some definite and constant 
time, called for convenience the “holding 
time.” Actually we know from Figs. 1-3 
that this assumption is not strictly valid, and 
ithas been established that the holding times, 
in fact, have a distribution to which a 
Pearson type III curve can usually be fitted. 
The introduction of this complication, how- 
ever, makes the equations mathematically 
intractable, and it will be shown later that 
results derived from the simple assumption 
agree reasonably with the actual state of 
affairs, and also that the general trend of the 
results does not depend much on _ the 
particular assumptions made. It must be 
further assumed, again as a mathematical 
simplification, that the system is in a state of 
statistical equilibrium. 

If, at any time ,7 the probability that there 
will be exactly m aircraft landing or waiting 
toland is ,P,, and if a@,, is the probability of 
exactly m aircraft arriving during the 
(constant) holding time, T. we have at once 
the following basic relations. 

The “expectancy” e or average number of 
arivals in time T is given by 

e=@,+2a,+3a,+... . (1) 

_ The expected number of aircraft (N) land- 
ig Or waiting is given by 

. (2) 


and since one of these is actually landing, 
the expected number waiting (E) is given by 

(3) 
Further, the total time aircraft are landing or 
waiting to land per unit time is given by 
and of this 
aggregate, the time actually spent in landing 
is e. Hence if there are n aircraft each 
delayed for a time ¢ 

e+nt=j,P; 
But, T being the constant holding time, 
n=e/T, and so we have 
e(1+t/T)= j,P; . (4) 

a relation which enables t/T to be found 
after evaluating 

It is also convenient to introduce a para- 
meter the “cumulative probability,” ,Q,, that 
there are not more than m aircraft landing 
or waiting at the time ,7 

= +. es 

In a state of statistical equilibrium, we 
have the basic condition that the state at the 
end of a holding period (i.e. at time «.,)T) 
is identical with that at the beginning (i.e. 
at time ,7) and this gives rise to certain 
recurrence relations. The chance that there 
will be exactly m aircraft landing or waiting 
at the end of a holding period is equal to the 
combined chances that there will be none 
at the beginning and m arrive during the 
interval 7, or one at the beginning 
and m_ arrive (since the original 
one will, by definition, have made its 
descent), or two at the beginning and (m- 1) 
arrive and soon. The general expression for 
this recurrence relation is 


(no 1)Pm = (aPo + aP Am + nP2Q(m-1) 
Putting in equation (5), m=0, 1, 2, 3, etc. 
and summing, we have 
n+) Om (,Q.) 
We now introduce an auxiliary real variable 
x, the auxiliary “congestion function” f, (x) 
such that 
fa (X)=aPo (7) 
the auxiliary “cumulative congestion func- 
tion,” g, (x) such that 


8n (x)=1Q.+ (nQ,) x x7 +. (8) 
and the “arrival function,” a(x) given by 
a(x)=a,+a,x+a,x*+ (9) 
Then, from (7) and (8) 
(1 - x) gn (X)=fa (x) 
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and the recurrence relation (5), after 
multiplying by x™ and summing, reduces 
conveniently to the form 

A(x) { u(x) gn(O) } x? (10) 
Comparing (9) and (1) it is obvious that the 
expectancy is given by 


e=a@ (1)= dx@ (x) evaluated for x=1. 


and comparing (3) with (7) that the expected 
number of aircraft waiting is given by 
Also the term +j,P; in equation (4) is equal 
to f,’ (1), as is seen from equation (7), and 
so all the characteristic parameters are 
easily expressible in terms of the partition 
functions f, (x) and g, (x). It is useful to note 
that f, (1)=1, a (1)=1, and f,(0)=g,(0)=,P. 
In the steady state, by definition, 
(X) =n (x) say 
Fins (x)=fn (x)=f (x) say 
and the recurrence relations (equation (10) 
above) become 
xg (x)=a (x) { g(x)- (0)} 
giving, explicitly 
a (x) 


12) 
(x) (1-2) 
x) 0) (13) 


Since f (1)=1, we have 
a(x)-x 
and the congestion probabilities in the steady 
state are the coefficients of the power series 
f (x)=P.+P,x+P.x? + 
the first few terms* of which give, for the 
probability P,, that there will be exactly m 
aircraft landing or waiting to land, the 
following values. 
P,=1-e 
=(1 - a,) (1 —e)/a, 
= } 
The expected number of aircraft waiting may 
be found from equation (11) after evaluating 
f (1). 
In equation (9), put x=1+y, so that, by 
Taylor’s theorem, 


a(x)=a (1)+ya’ (1)+ (1)+.. 


=l-e 


=lteyt ny? +... 
on writing » for a” (1). 


*Numerically, these probabilities are most easily 
found by solving the original recurrence equa- 
tions in series. 
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Putting this value in equation (13), and 
noting that (x- 1)=y we have 
_ +...) | 0 
l+ey+4ny? 1 
From which, since if x=1, y=0 
Thus we 
E= (e+ 4.) -1+0-9=5 


The mean found in equation (4) can 
now be evaluated and we have 


5 


or 
2 e(l-e) 

Thus, knowing the expectancy (e) and the 
values of the arrival probabilities an, we are 
able to calculate at once the probable degrees 
of congestion, the expected number of aircraft 
waiting, the expected delay and, by a slight 
extension, the probability of the number of 
aircraft waiting or of the delays exceeding 
some predetermined datum. 

If the traffic is random, the values of a, 
are those given by the Poisson distribution, 
and 7 has the value e«*. Typical curves 
showing the degree of congestion, the 
expected number of aircraft waiting and the 
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Fig. 7. 
Probability of at least n aircraft waiting. (Poisson 
distribution and constant holding time.) Also, 
probability of a delay exceeding nT. 
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expected delay are shown in Figs. 7-9 while 
the probability that the delay will be at least 
nT is obviously the probability that there will 
be at least n aircraft ahead, and so can be 
read directly from Fig. 7. The curves have 
the common characteristic that the difficulties 
of operation and delays encountered increase 
very rapidly as the expectancy approaches 
unity. In particular, the mean delay is equal 
to the holding time for «=0.66, to twice the 
holding time for e=0.8 and to three times the 
holding time for e=0.9 (nearly). 


3.2. DE-RANDOMISED TRAFFIC 
MOVEMENTS 


Since randomness of the traffic must lead 
to occasions of severe congestion, particularly 
when the airport is heavily loaded, it is 
natural to consider the effect of scheduling 
traffic to certain fixed intervals of arrival, and 
to make the mathematically attractive, if 
somewhat unrealistic, assumption that the 
errors in time-keeping are normally dis- 
tributed with a standard deviation c. Such 
de-randomisation results in the values of the 
arrival probabilities (a,,) being variable with 
time, and so the results derived above, which 
implicitly assume the constancy with time of 
a(x) are not strictly valid. However, the 
variations with time of the arrival prob- 
abilities are not great for large values of ¢ 
(c=0.8 or more) if the standard deviation of 
the time-keeping error is not too small in 
relation to the interval between scheduled 
times, and it is accordingly possible to form a 
rough idea of the effect of scheduling aircraft. 


Figures 10 and 11 show how the expected 
number of aircraft waiting and the probability 
that there will be at least two and three 
aircraft waiting, depend on the ratio of the 
standard deviation (c) of the time of arrival 
to the scheduled interval (7). The curves are 
reasonably accurate as far as o/7=0.5, but 
for lower values of «/7 are extrapolated. 
The curves show that any worth-while 
improvement over randomness is_ only 
achieved by reducing the standard deviation 
of the error of the arrival time to a small 
fraction of the scheduled interval: if the 
standard deviation is a fifth of that interval 
(a time of the order of one to two minutes) 
there is still about a one in ten chance of at 
least two aircraft waiting, and about a one 
in twenty chance of at least three aircraft 
waiting. It seems to be a property of the 
system that the first effects of increasing 
orderliness are to reduce the frequency of 
high congestions and long delays, and only 
when a relatively high state of orderliness is 
achieved is there any important reduction in 
the mean congestion and delays. 


If traffic is sequenced at intervals 7, and 
the holding time is T, the necessary and 
sufficient condition for no congestion and no 
delay whatever is that no aircraft shall be in 
error on its scheduled time of arrival by more 
than +4(7—T), which since e=7T/7 may be 
re-written +7(1-—e)/2e. If T is not strictly 
constant, the maximum value must be taken 
into account. The value of T in practice is 
governed, in the limit, by safety considera- 
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Expected number of aircraft waiting. (Poisson 
distribution and constant hoiding time.) 


Expected delays. (Poisson distribution and 
constant holding time.) 
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Expected number of aircraft waiting En (tor E-0-8) 


or 
Fig. 10. 


Expected number of aircraft waiting for various 
values of o/7. 


tions and, with precise operations might be 
reduced to two minutes, although it appears 
unlikely to be lower. Taking three minutes 
as a practical value for some years to come, 
and taking « as 0.8, the margin of navi- 
gational error for no congestion and no delay 
is less than 4 minute, which represents a 
flying accuracy never likely to be attained. 

In general, there can never be more than 
n aircraft waiting, and the delay can never 
be more than n7 if the navigational 
error does not exceed +4(n+17—T), or 
+T (n+1-e)/2e. Thus, taking the figures 
previously used, there can never be more 
than five aircraft waiting or a delay exceeding 
15 minutes, if no aircraft has an error in its 
arrival time of more than about 10 minutes. 
If, in the absence of any better knowledge, 
we make the rough but not unreasonable 
working assumption that the distribution is 
triangular, we are led to the conclusion that 
for moderate values of m as many as n 
aircraft will be waiting on only a few per 
cent. of occasions at most. These considera- 
tions seem to offer the possibility, not indeed 
of avoiding congestion and delays, but of 
keeping them within reasonable limits and, 
in particular, of avoiding very long delays 
and are discussed from other points of view 
later in this paper. It is interesting to note 
that the numerical results of this method of 
approach agree substantially with those 
obtained in the last section, since a standard 
deviation of, say, half a scheduled interval 
implies, if the distribution is normal, that very 
few aircraft are in error by more than two 
intervals. 


3.3. COMMUNICATIONS TRAFFIC 


Hitherto we have developed the theory of 
congestion on the assumption that the hold- 
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ing time is constant. For random traffic it 
is also possible to set up and solve the 
equations if the holding times are distributed 
exponentially, that is, in accordance with the 
law p(t)=T~'e-''?. This distribution, which 
implies a maximum _ probability for 
indefinitely short times, has long been known 
to hold approximately for ordinary telephone 
circuits, and it represents a rough numerical 
approximation to the conditions obtaining in 
control communications. This is shown in 
Fig. 4 where the best exponential curve has 
been fitted to the histogram of the lengths of 
over 1,300 conversations on the London Air- 
port R/T channel of frequency 118.1 Me¢s, 
The distribution is in fact not exponential, 
and has a mode for a call-length of about 
four seconds below which there is a very 
rapid quasi-exponential falling off in the 
number of calls. 

The final results for an exponential holding 
time are rather simpler than those for a con- 
stant holding time, and it is found that the 
probability P,, of exactly m calls being 
served, or awaiting service on a single 
channel is given by P,,=e"(l-e), the 
probable number of calls waiting (E) is 
e?/(l—e) and the expected delay (f) is 
eT /(1-«¢) where T is the mean length of a 


‘call. It is interesting to note that the values 


for E and t are exactly twice the correspond- 
ing values for a constant holding time (and 
can therefore be read from Figs. 7 and 8 by 
halving the vertical scale) while the values of 
P,, are found to be not very different, 
although the assumption of an exponential 
holding time leads to rather greater chances 
of higher degrees of congestion. 


3.4. VALIDATION OF THE THEORY OF 
RUNWAY CONGESTION 


The fact that two such dissimilar assump- 
tions lead to results not very different, 
encourages the belief that distributions met 
in practice must lead to results of the same 
general type, and this is supported by some 
observations made at Northolt and London 
Airports when, for several days in August 
1948, rather uniform weather conditions and 
a fairly continuous flow of traffic approxi- 
mately satisfied the assumptions of the 
theory and the arrival distribution was found 
to be Poisson. A comparison between 


observed results and those predicted on the 
assumption of constant holding time is 
shown in Table I. 

The values calculated on the basis of an 
exponential holding time were unsatisfactory. 
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TABLE I. 


London Airport Northolt Airport 
Observed Calculated Observed Calculated 


Fraction of 


aircraft delayed 0.41 0.47 0.85 0.81 
Average number 
ofaircraft waiting 0.18 0.21 1.44 Pe 
Average delay 

(minutes) 3.6 3:7 14.2 18.3 


It was also possible to compare the 


theoretical and observed probabilities of. 


various numbers of aircraft waiting, and a 
\° test showed that the observed results, 
by conventional] interpretation, could just be 
regarded as agreeing with those calculated. 
Actually there were fewer occasions of large 
numbers waiting than the theory predicts, a 
result by no means unexpected, as the 
Poisson distribution cannot hold rigidly for 
a non-infinite population, although the effect 
of this may be wholly or partially offset by 
the assumption of constant holding time, 
which tends to underestimate the congestion. 

While these theoretical considerations 
throw light on the incidence of degrees of 
congestion and of delays, they relate only to 
the average results “in the long run,” and 
tell nothing about the state of affairs for 
relatively short periods. It is obvious, how- 
ever, that congestion, whether arising from 
chance or from some specific cause (e.g. 
technical failure), tends to be persistent. In 
general, during a single holding time, the 
congestion will only be reduced (by exactly 
one aircraft) if no aircraft arrives during that 
period, and the chance of this happening for 
a Poisson distribution is only about 0.4-0.5 
for acceptable airport utilisations. Simulator 
experiments show that the disturbance 
occasioned by a stack of eight aircraft 
is likely to be still felt after twenty or thirty 
aircraft have been landed and, in fact, there 
isa few per cent. chance that there will have 
been no appreciable improvement. These 
factors suggest that it will be useful to try to 
forecast the likely state of airport congestion 
as far ahead as possible, in order that the 
situation may be eased and delays reduced 
by some form of planned diversions or by 
flow control. 

Experiments to this end are in progress, 
but again success will depend largely on 
fnough accurate data being in the hands 
of controllers sufficiently early to permit 
effective action to be taken. 


4. SOME GENERAL CONCLUSIONS 


As Masefield) cogently pointed out in his 
fecent British Commonwealth and Empire 
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Probabilities of at least two (dotted line) and at 
least three (full line) aircraft waiting for various 
values of o/7. 


lecture “not since the great days of sail 
has any form of transport been so influenced 
by the winds” as air transport, and as a 
consequence, “ regularity on the long trans- 
ocean flights is still the catspaw of the wind, 
while punctuality, even on short flights, can 
be seriously upset by a stiff breeze.” It 
follows, therefore, that there is, and possibly 
always will be, a randomness associated with 
air operations because of wind variations 
alone, apart from other adventitious effects; 
save in exceptional circumstances regular 
departures will result in random arrivals and 
conversely, any attempt to organise regularity 
of arrivals at airports of destination by hold- 
ing at the point of departure (often known 
as “flow control”), will result in random- 
ness at airports of departure. It is inevitable 
that the organisation of a random flow into 
a regular one involves some delays, and 
although these may be concealed, as when an 
aircraft loses time en route to make good a 
scheduled arrival time, they are nevertheless 
present and usually manifest themselves as 
obvious delays, normally at the airport of 
destination, or, if flow control is exercised, 
at the airport of origin. 

The problem of air traffic control as 
regards the expeditious handling of traffic 
thus resolves itself into finding techniques 
which “ waste” no more time than is strictly 
necessary and, if possible, “ waste ” that time 
in the most economical manner—the latter 
factor being the one which leads to the idea 
of flow control. The order of magnitudes 
of the delays is indicated by the theoretical 
considerations given above, from which it 
appears that the origin of very long delays 
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is severe “bunching” of traffic in short 
intervals of time. It is therefore well worth 
while trying to maintain as regular a spacing 
of aircraft arrivals or departures as circum- 
stances permit and, although the effect of 
such efforts on the average congestion may 
very well be negligible, there will be a pro- 
portionately much bigger effect on the long 
delays. It has already been noted, however, 
that spacing by the artifices of taking courses 
longer than necessary, or flying at reduced 
speeds, does not reduce the delay, but, by 
reducing the congestion around the airport, it 
may indirectly contribute to a _ general 
increase in the rate of handling traffic, and 
while delayed take-offs do not decrease the 
total delay, they do make it less costly, while 
obviously also reducing congestion at the 
destination. 

It appears that the broad theory of traffic 
delays and congestion developed earlier on 
the basis of an assumed constant holding 
time is likely to represent a fair approxima- 
tion to the state of affairs on most occasions. 
The parameter which dominates the whole 
operation is the holding time, 7, and the 
crux of the problem of the safe and expedi- 
tious handling of aircraft undoubtedly lies 
in reducing it to the lowest possible value. 
A reduction of the holding time results at 
once in a proportionate increase in the 
capacity of an airport and usually in a 
relatively much greater decrease in the 
delays, and thus to more economic opera- 
tions on both counts. For example, at a 
utilisation factor of about 0.8, a 10 per cent. 
reduction in the holding time increases the 
capacity of the airport and reduces the 
average delay, for the same degree of con- 
gestion, by 10 per cent., or alternatively, for 
the same volume of traffic it reduces the 
average delay by one third and the average 
number of aircraft waiting by nearly half. 
Conversely an increase in the holding time 
of only 5 per cent. increases the delay by a 
third and the congestion by half. 

We have already seen that the mean hold- 
ing times at both London and Northolt Air- 
ports are unduly long, and that this arises 
in part from the spread of the “ approach 
times” of aircraft landing from stacks and 
in part from lack of precise knowledge by 
the controller of the positions of individual 
aircraft in the holding pattern and on 
the approach path. Experiments are there- 
fore being made to find why the spread is so 
great, in the hope that suitable action can be 
taken, and also to find convenient means of 
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providing controllers with more information, 
A high degree of uniformity and accuracy 
in holding procedures cannot be expected for 
some time, particularly at London Airport, 
as the equipment carried by the aircraft is 
so far from standardised. The most promis. 
ing line of attack at present therefore 
appears to be to extend the use of ground 
radar control to marshal all aircraft into an 
orderly sequence, irrespective of their par- 
ticular facilities. possible method 
employs the technique of the search stage of 
Ground Controlled Approach, over much 
larger distances than the conventional 15-20 
miles. This idea seems to be looked on with 
favour by many operators and a limited num- 
ber of preliminary experiments, which are still 
in progress, have given encouraging results. 
Whether, in the long run, this extended 
G.C.A. procedure, which will undoubtedly 
become overloaded at some level of traffic 
yet to be determined, or monitoring the 
stacks and approaches, or some quite differ- 
ent technique, will prove best is yet to be 
ascertained. Work on these and other lines 
is proceeding continuously, and it is pleasant 
to be able to record that several of the airline 
operators are now co-operating whole- 
heartedly with the Ministry in its work of 
solving the problem of air traffic control. 
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DISCUSSION 


P. G. Masefield (British European 
Airways, Fellow): Dr. Bell and 
operational research team were making a 
real contribution to the solution of the 
problems of the haphazard, random business 
of air traffic control; for the first time those 
problems were being studied scientifically, 
and within a reasonable period they could 
hope for important results. Dr. Bell and his 
tam were in the early stages of their 
investigation. The idea, as he saw it, was 
0 prevent aircraft running into one another, 
yet to have them running into the airport as 
closely as possible one behind the other. A 
problem which would arise, in what he 
hoped would be a comparatively short time, 
was that of mixing various types of aircraft 
(pistons and jets) arriving in quick 
succession. The Berlin Air Lift was showing 
what could be done by breaking up the traffic 
ito blocks, having streams of identical 
aircraft, of the same speed, passing a series 
of markers at specific times the whole way in. 
If any of them got out of series, they went 
back to the starting point; that included 
approach and landing. 

In civil aviation, with all varieties of 
aircraft and airlines, a matter of importance, 
which he was sure Dr. Bell and his team had 
investigated, was the human factor of 
“cheating on time tables”; that was going 
on at all London airports. Possibly an 
operator would advertise a particular time 
table which would give a fictitious time of 
arrival achievable only if the aeroplane had 
a 20 m.p.h. tail wind. The aircraft would 
not arrive at the scheduled time, but it would 
arrive fairly soon afterwards, hoping to gain 
priority on landing turn as a result of its 
optimistic E.T.A. That sort of thing com- 
plicated the problem from the human point 
of view; Dr. Bell was regarding it from the 
scientific point of view, and it seemed that 
he would have to start bending human nature 
ina scientific way. 

Having made aeroplanes so complicated. 
with so many technical devices, they had still 
lft the poor pilot to stretch his own 
capabilities to the utmost in trying to keep 
abreast of the increased complications and 
responsibilities thrust upon him. If they had 
automatic approach and let-down, with the 
pilot being used efficiently to monitor the 
instrumental representation and ready to take 
action if anything went wrong, then they 


would be using the human factor in the 
right way and extending their technical 
development to the logical conclusion. 


S. Scott Hall (P.D.T.D., Ministry of 
Supply, Fellow): The use of the human 
factor in the right way would take them a 
long way towards ensuring safety and more 
thought should be given to that problem. It 
seemed to him that the human brain should 
be used not for doing routine jobs but for 
weighing up difficult situations, and he 
strongly supported Mr. Masefield’s view that 
they should be working towards the use of 


automatic devices, leaving the human brain 


to monitor those devices and deal with the 
more critical phases of a flight as those 
arose. 

He believed the great need at the present 
time in aeronautics was to enlist the real 
help of the instrument and radio industries. 
They had not succeeded in this so far. 
There was in Great Britain a fairly large 
radio and radar industry naturally much 
more interested in building television sets 
and commercial equipment, leading to large 
production, than in dealing with small orders 
for aviation equipment, involving a 
tremendous amount of research and develop- 
ment. He wondered how many instrument 
designers, or representatives of instrument 
firms, were present at the meeting. When- 
ever any subject was being discussed before 
the Society which involved the matter of 
instruments or radio, the Royal Aeronautical 
Society should issue special invitations to 
the various firms to attend and to hear what 
was said on matters which concerned them. 

Quite apart from the need for the develop- 
ment of new equipment, Squadron Leader 
Harrop’s recent paper had shown the 
paramount need for greater design effort to 
make instruments, radio, radar and electrical 
gear more reliable. This would be a 
contribution to safety. 


Flight Lieut. J. R. Anderson: One of the 
attributes necessary in a pilot on the 
psychological side, apart from intelligence, 
was his will to overcome the fear which 
Air Commodore Vernon Brown had men- 
tioned: fear due to emergencies that arose 
because present-day aircraft could not main- 
tain themselves in the air without high 
forward speed. Emergencies arose and, 
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depending on the degree of fatigue of the 
pilot, he was more or less prone to fear or 
panic. The will of the trainee was a big 
factor in determining whether or not he was 
a suitable person to become a pilot. 

None of the papers presented had touched 
on the major fault of present-day aircraft, 
and that, in respect of which the greatest 
contribution could be made to safety was 
the transmission of power at slow speed. At 
the most critical part of the take-off, for 
instance, transmission efficiencies were of the 
order of 40 per cent., and the position was 
much the same when landing; so that if there 
were a failure of an engine or a propeller, 
or anything of that sort, the pilot could not 
use the rest of the power efficiently. When 
using jet engines the situation was even 
worse than with piston engines; they all knew 
the fundamental curves. If they were to 
make aircraft safe, they must be capable of 
air speeds down to zero. In any other form 


D. Barnett (Chief Research Officer, R.A.F. 
Transport Command): During the past year 
or two he had done operational research in 
problems of precision navigation and air 
traffic control, much on the lines of Dr. 
Beli’s work, although for the military side, 
and Transport Command in_ particular. 
During that time he had formulated fairly 
definite ideas as to how far the presumed 
increase in intensity, which might occur in 
military and civil flying during the next 
decade or so, could be dealt with, when the 
risk of collision in Instrument Flight Rules 
conditions was considered. 

Dr. Bell had spoken of the importance of 
reducing the holding time in order that con- 
gestions and delays in traffic flow might be 
reduced. 

The factors which went to increase the 
length of the holding time arose first from 
the fact that, once an aircraft had touched 
down on a runway, its speed was rapidly 
reduced to something of the order of 30 
m.p.h. and, coupled with the inevitable wide 
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of transport they would not tolerate, a 
speeds of 5 to 10 m.p.h., the efficiencies 
which the aircraft propelier gave, or the even 
lower efficiencies of the jet. If they designed 
an aircraft so that they could use its power 
efficiently at slow speed they got a curve 
much higher than that for orthodox pro- 
pellers. He was speaking of convertible 
aircraft, in which rotating aerofoils were used 
to helicopter the aircraft off and on to the 
ground and which would give higher values 
of efficiency in level flight than were obtain. 
able with orthodox aircraft. 

The root of the whole trouble, in his 
opinion, was that the aircraft designer had 
not given proper thought to the efficient trans- 
mission of power at low speed. He hoped 
that Government circles, on whom the 
initiative really lay in these days, would look 
into projects of the type he had mentioned, 
and give active support and encouragement 
to his approaches to them. 


Evening Session—Chairman Dr. H. Roxbee Cox 
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variation in the exact position of holding off, 
this meant that the total time for which the 
runway was occupied was of the order of 
45-60 seconds, If, as was sometimes the 
case, there were no points along the runway 
where the aircraft could turn off until it came 
to the end, it might well be that another 
15-30 seconds needed to be added. There 
fore, it seemed likely that, however accurate 
they made the system of control, there was 
bound to be the lower limit of 1-14 minutes 
approximately to the rapidity with which 
aircraft were allowed to land. 

On the Berlin Air Lift it was necessary to 
maintain a steady flow throughout the whole 
operation, and if a pilot found that he had 
to overshoot, he must return with his load. 
There was no room in the approach pattem 
for him to go round and come in agaif, 
although in conditions of moderate or good 
visibility, the controller was permitted to 
instruct the pilot to make a second attempl. 

The second factor contributing to the 
length of the holding time was the 
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yncertainty of the spacing between each 
aircraft when coming in to land, and with 
the present operational technique at Northolt 
and London Airports it was by far the more 
important. The reduction of that 
uncertainty, in his opinion, was the heart of 
the problem. It had to be admitted that, in 
present civil practice, there was a discon- 
certingly large random variation in spacing. 
Dr. Bell had referred to attempts to 
extend the “search technique” of the 
Ground Controlled Approach system for 
marshalling aircraft into a regular sequence. 
While there was little doubt that, until a 
much higher degree of standardisation of 
navigational and approach aids carried by 
aircraft was achieved, some such technique 
might be the only possible way of providing 
an answer, they should not lose sight of the 
need for the development and application of 
a precision lattice system by means of which 
each aircraft could determine its own 
position in space, at least in an area around 
the vicinity of each airport. In the mean- 
time it would be interesting to see how far 
the application of ground radar as a primary 
source Of information as to position of 
aircraft would take them. In that connection, 
the use of the new ground radar in Berlin, 
affording approach control facilities for all 
the aircraft on the Berlin Air Lift, should be 
watched with interest. 

There were, however, certain limitations 
to that technique which, while difficult to 
assess. quantitatively, nevertheless, appeared 
to be very real. The most fundamental was 
how far a ground controller, by looking at a 


[plan position indicator, could gauge adjust- 


ment vectors or speed changes for each 
aircraft to ensure sufficiently accurate 


[spacing and the correct attitude of the 


aircraft at the beginning of the run-in on 
final approach. Secondly, the problem of 
identification might become troublesome in 
areas where more than one schedule of 
aircraft were following the same (or nearly 
the same) tracks, as, for example, in certain 
groups of aircraft approaching Berlin. It 
might well be that nothing less than second- 
or at least some form of 
Identification Friend or Foe would provide 
4 satisfactory solution, in which case they 
were back in the position of having to ask 
all aircraft to carry as an essential aid some 


_|Sandard piece of equipment over and above 


Very High Frequency Radio/Telephone. It 


e|"8S probable that such forms of approach 


control would demand a heavy load on 
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available R/T channels, which would have 
to be met by increasing the number of 
frequencies in use at any one time. 

All those difficulties became sharply more 
acute with increase of traffic intensity. 
Roughly speaking, it seemed that if it were 
not required to land aircraft at more than 
an average rate of 12-15 per hour, a ground 
radar system of control in I.F.R. would 
work; but he doubted whether as many as 
20-30 per hour per runway could be main- 
tained by that means. 

He believed that a more satisfactory 
alternative would be the use of some 
accurate navigational aids to give each 
aircraft its position in space with an 
accuracy of the order of +200 yards, or 
one-tenth of mile. At Transport 
Command, using Rebecca Mark II and a 
system of Eureka beacons to mark the turn- 
ing points, there had been devised in an 
elementary form a system of approach 
control making use of those principles, and 
it was accurate enough to permit aircraft to 
land in I.F.R., at the rate of at least 20 per 
hour per runway; and that method of 
marshalling did not depend primarily on 
ground radar. The latter, however, had an 
important function in monitoring the traffic 
and in providing position data for the 
occasional aircraft whose navigational aids 
were unserviceable. 

He had referred to the system as an 
“elementary form of control” because the 
problem for aircraft on the Berlin Air Lift 
was in some ways a simpler one than the 
general requirement for civil aviation. That 
was because, first, the order of magnitude 
of the flying times was relatively small (1-14 
hours); secondly, there was a far more 
complete control over the time of departure 
of each aircraft than there was in normal 
flying, so that by despatching a group of 
similar aircraft at regular intervals, e.g. one 
every three minutes, they maintained that 
spacing, within certain limits, throughout the 
route, so that their times of arrival at Berlin 
were more or less regular. The normal 
procedure for British aircraft by which that 
was achieved was by the deployment of 
Medium Frequency and/or Eureka beacons 
at the turning points along the routes. 
Normally, the time of arrival of each aircraft 
at a beacon in the Berlin area was planned 
beforehand, and for each wave, before take- 
off, the flight plans were worked out on the 
basis of a suitable true air speed for the 
type of aircraft in the wave and a suitable 
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assessment of the mean wind in the area. 
That common flight plan was followed by 
each aircraft of the wave, so that, within the 
limits of navigational error, regular spacing 
was preserved throughout the route. 


In part of the experiments there had been 
developed a system of accurate adjustments 
of landing times. For the last 15 or 20 
minutes of its flight, each aircraft was 
provided with the means of adhering to an 
accurate time schedule, calculated on the 
assumption of (a) a suitable mean true air 
speed for the type of aircraft, and (b) a 
suitable mean wind vector corresponding to 
the wind conditions prevailing. While winds 
might, and did, change by considerable 
amounts during the periods of a long flight, 
for the limited period during which any one 
aircraft would be under that system of 
control, the difference between the actual 
wind, at any instant, and the mean wind 
assumed for that aircraft would be weil 
below the limits of consequent speed adjust- 
ment demanded of the aircraft. 


Further investigation on those problems 
was still needed and it might be on those 
lines that the organisation of the further 
traffic of high intensity around airports 
would be solved. 


R. H. Hardingham (Air Registration 
Board, Assoc. Fellow): He deplored the 
tendency to employ mathematics to explain 
everything and, worse still, to be satisfied 
with the answers. Also, he did not much 
like the tendency to criticise airworthiness 
requirements and airworthiness Authorities, 
although it was probably natural. Both 
played an important part in achieving safety. 


Because of the ever-increasing complexity 
of modern aircraft, achievement of accept- 
able airworthiness and safety was becoming 
more and more a matter which was 
dependent on the co-operative human effort. 
Margins of airworthiness and safety might 
well be regarded as somewhat narrow when 
judged by the standards applied to other 
mechanical products of man. It was the 
constant endeavour to widen those 
margins, which experience—sometimes bitter 
experience—found lacking in reserve. 


Certain features of the present-day 
transport aeroplane and its construction 
should be considered:— 

1. The aircraft designer demanded more 

highly efficient materials than any 
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other structural engineer, thus requir 
ing rigorously controlled fabrication 
techniques. 


2. The aircraft designer demanded power 
units the characteristics of which could 
be obtained only by fully extending the 
nation’s metallurgical and __ precision 
engineering resources. 


3. The standards of workmanship required 
were consistent only with rigorous 
control. To operate the various com- 
ponents of his products, the aircraft 
designer employed the highest grade 
products of the electrical, pneumatic 
and hydraulic engineering industries, 


4. The resultant product called for highly 
specialised personnel for its operation 
and maintenance. The product made 
greater demands on its operating crew 
under normal conditions than did any 
other transport vehicle. 


5. The resultant product also had speed 
and control characteristics such that 
the successful termination of a flight, 
particularly under adverse conditions, 
constituted a series of manceuvres 
hardly compatible with routine 
transport in the accepted sense of the 
term. 


Some of the characteristics on contem- 
porary aircraft which owed nothing to 
airworthiness requirements—in other words. 
the airworthiness Authorities did not take 
the blame for them—were minimum control 
and approach speeds of the order of 120 and 
150 m.p.h.; thousands of gallons of highly 
volatile fuel stored in fragile containers 
engines of very high specific output, with 
attendant sensitivity; undesirable handling 
characteristics, poor control at low speeds 
and large changes of trim; an almost over 


whelming collection of flaps, shutters, gills] i 


etc., operated by electrical, hydraulic o 
other means, all of which must work satis 
factorily if the aeroplane were to operate 
safely, 


There was no end to the list of 
characteristics, and possibly in the opinion 
of some the aeroplane industry had created 
an aerial Frankenstein requiring the constant 


attention of hosts of people. That might be 
reflected, from the practical standpoint, it} 


the fact that the aeroplane was so expensive 
that only Governments could afford to pay 
for its development. They found also thal 
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the taxpayer was paying for the operation of 
aeroplanes. 


Thus the aeroplane in its present form 
presented a formidable task to any Authority 
concerned with safeguarding air travel, and 
airworthiness Authorities were reluctantly 
obliged to extend their sphere of influence to 
combat the potential dangers inherent in the 
ever-increasing complexity of the aeroplane. 


He believed Mr. North would agree that in 
Great Britain they had an airworthiness 
Authority which was not a soul-less body 
enforcing its will and requirements on the 
designer and, to use Mr. North’s own words, 
“other competent and honest persons.” 


The requirements issued from time to 
time by the Board had been vetted by 
every branch of the Aircraft Industry, and 
thus each requirement reflected the opinion 
of a body comprising constructors, operators, 
insurers and other interested parties. 


There was no “forced uniformity.” The 
Board treated its requirements as a yard- 
stick against which the merits of a non- 
conforming aeroplane could be judged. 


The aeroplane produced by a reputable 
organisation was rarely widely unacceptable. 
The Board endeavoured to bring it to an 
acceptable level by demanding relatively 
small changes. 


The Board was catering for all grades of 
designers and, for some, requirements were 
essential. The Board never demanded that 
a Regulation which was inappropriate must 
be worked to because it was a Regulation. 
Mr. North had referred to the “ Refusal of 
all parties to prefer the letter to the spirit,” 
but that had been the salvation of 
airworthiness procedure. 


How often was the term “ restricting the 
designer’s initiative ” misused? For example, 
ifa designer wished to use non-fireproof fuel 
pipes in a supercharged engine power plant 
and the Board said that he must use fireproof 
pipes, that ruling was interpreted by some 
people as restricting initiative, whereas it 
was merely that the airworthiness Authority 
was reflecting accepted good aeronautical 
practice. 


Such were the present conditions that the 
arworthiness Authority was not able to 
influence basic designs towards the safer 
aeroplane. Sometimes he felt that the Board 
was in the position of a man in a boat—too 
busy plugging the many holes which 
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appeared in the hull to bother about whether 
or not the craft was really seaworthy. 

If there were a case for control of a 
transport vehicle, the aeroplane at present 
was that vehicle. 


A. Vines (Fairey Aviation Co. Ltd.): A 
large percentage even of people in the 
Aircraft Industry preferred to cross the 
Atlantic in the Queen Mary rather than in 
an aeroplane. He wondered how much 
operational research had been applied to 
actual passengers, to find out how they 
would like to cross the Atlantic, the sort 
of aeroplane in which they would like to 
travel and how quickly they really wanted to 
get to their destinations. 


The only people he knew who had 
travelled by air rapidly from the Far East 
had arrived in such a condition that they had 
spent two days at least in bed, recovering 
from the effects of the journey. Therefore, 
why was it necessary to produce a 
complicated piece of machinery to whisk a 
man from the Far East to London, and at 
the same time to subject him to far more 
danger than would be the case if he travelled 
in easy stages, in order that he might spend 
two days recovering in bed? His own 
personal experience was that 90 per cent. of 
the people to whom he spoke—and he had 
had personal experience of flying the Atlantic 
—-preferred to travel slowly and safely. Also, 
before the journey they should not be called 
out of bed at 2, 4 and 6 o’clock in the 
morning. 

If pilots were subjected to that sort of 
confusion at the beginning of their flights, 
surely their efficiency and the comfort of the 
passengers were jeopardised! He would 
prefer to start at a reasonable hour and 
arrive at his destination in reasonable time, 
even if he travelled at half the speed. If 
operational research were devoted to 
passengers, it might be possible to provide 
aeroplanes which travelled a great deal more 
slowly than at present, with greater safety 
and giving greater comfort. 


No passenger had the slightest fear of 
boarding a ship. If they could be given such 
confidence in flying he believed that com- 
mercial flying, which they were all paying 
for at great expense, would itself become a 
paying proposition. From time to time they 
heard of an aircraft carrying only one 
passenger, whereas all the passenger liners 
were crammed with passengers. 
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Dr. W. E. Hick (University of Cam- 
bridge): He was not quite clear what Mr. 
North meant in his reference to the currently 
acceptable risk rate. It was obviously 
an important matter; the safer things were 
made, the more liberties people would take 
with them. It was stated in the paper that 
freedom of choice caused the realised 
accident rate to regress towards the currently 
acceptable risk rate, which rate was unstable. 
Later Mr. North had mentioned a drift 
towards greater risk. Why the reference to 
drifting towards greater risks, rather than 
lesser risks? It seemed to him that the drift 
might be either way. 

Obviously intelligence was important in a 
pilot, but another factor, at least as 
important, assuming a certain amount of 
intelligence, was that of motivation, which 
took the form of an image of himself. It 
was said that if a person saw himself as a 
safe pilot and was proud of it, he would 
continue to be safe and would become still 
safer; that could become almost a ruling 
passion. The question was how to detect 
that potentiality in candidates for flying. It 
was a technical problem in psychology. It 
could be done; whether it could be done 
sufficiently quickly and cheaply he could not 
say, but it was worth thinking about. 

Was there any evidence concerning the 
relation between reaction times and accident 
proneness? Obviously, quickness of reaction 
in the general sense was desirable. But 
what about the thousands of reaction time 
measurements which must have been made 
on R.A.F. pilots and others? Had _ those 
measurements been analysed in relation to 
the accident records of the pilots tested, and 
had any significant information emerged? 
Personally, he doubted it. He could not give 
evidence off-hand, but believed that the 
ability to judge the total situation was far 
more important than the simple reaction 
time. Men might show a long reaction time, 
but they might compensate for it almost 
perfectly by developing good judgment. 


J. A. C. Williams (Assoc. Fellow): 
Between the accounts given by Captain 
James (who dealt with human reactions) and 
Mr. North he could not see any relation, for 
Mr. North had described an aeroplane, 
controlled by a human being, as a 
mechanically-extended man, and then had 
quoted Sherrington, who was a physiologist; 
with due deference to Dr. Bergin, who had 
paid necessary attention to psychology, the 
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physiological aspect of human nature tended 
to be mechanistic. The danger in Mr. 
North’s account was that, as engineers, they 
were trained essentially on mechanistic lines, 
and it fitted in with their ideas of early 
training to give an account of human 
behaviour on a mechanistic basis. I 
America that approach had led to the pre- 
1914 school of psychology—behaviourism— 
which had done a lot of good work, but did 
not provide the complete answer to human 
conduct. He suggested there were other and 
more complete explanations than Mr. North 
had put forward. 

The pilot in the cockpit used data from his 
various senses; but he also acted, not just on 
a discreet sensation from one sense, but a 
combination of sensations in many cases. 
For example, when coming in to land he 
used his eyes to obtain a reading from his 
A.S.I. and he had a kinesthetic sensation 
from the stick. In all cases of human 
conduct and human sensation they receive 
hints from many sources which they could 
not realise in their normal conduct; one of 
the factors which he considered should 
preclude permission for pilots to wear glasses 
was that quite a lot of the normal visual 
field was stimulated only by motion. When 
wearing glasses, the part of their visual field 
in which there was stimulation from motion 
only was less operative. 

Dr. Hick had spoken of self-image and 
safety, but he would say that it did not exist 
If it did then he suggested that in an acciden! 
situation there were various inhibiting 


circumstances arising possibly through feat, 
and they would probably do away with quite 
a lot of the self-image of safety. 

On the problem of reaction times, he had 
plotted the sort of curve obtained from 
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experiments in Fig. 1, frequency being 
Jotted against reaction times. It was 
probable that at about point A on the curve 
they would be running up against quite a lot 
of the conditions in which accidents 
occurred. Again, it was possible that at 
point B there would be conditions for which 
they could not account. Under those con- 
ditions, with long reaction times, the 
possibility of accident arose, 


G. E. Clair: Several speakers had 
mentioned reaction time and judgment. 
He had had a certain amount of war- 
time experience and he believed Wing 
Commander Pike would agree that more 
value could be placed on -he elementary 
instruction during the first 15 hours, 
particularly if the instruction were side-by- 
side. At No. 1 E.F.T.S. there had been an 
experimental unit, and when taking a pupil 
around in side-by-side aircraft bad reaction 
times might be found in the first 5 or 6 
hours. Such reaction times might be 
followed up rather more closely as training 
proceeded. 

He had some experience of insurance 
claims and urged that near misses must be 
taken seriously into account. Aircraft 
would often miss a high-tension cable or a 
building by only a few feet or a few inches. 
Much more weight should be given to pilots’ 
recommendations; the pilots were the only 
people who could give a true account of near 
misses, and through their various organisa- 
tions they might be able to attach due weight 
to the number of such incidents. 

Frequently, when an _ accident was 
attributed to pilot error, they could refer 
back to many other factors, even of an 
organisational character. By following up 
quickly the lessons gained from earlier 
accidents they should be able to eliminate 
some future accidents, even though there 
were pilot errors. 

_As to the size of the aircraft, he wondered 
if it were wise from the point of view of 
aviation to put too many eggs into too few 
baskets. The public were inclined to react 
to disastrous accidents, and if 100 or 120 
people were killed in an accident to one large 
aircraft, the effect upon the public would be 
greater than if a similar number of people 
were killed in smaller accidents. The 
iisurance interests did not much mind either 
way but from the point of view of the 
alation industry the publicity given to one 
accident in which a large number of people 
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were killed might have an unfavourable 
effect. The Industry might give some con- 
sideration to that aspect in connection with 
future designs. 


T. F. C. Lawrence (Royal Aircraft Estab- 
lishment, Assoc. Fellow): An airline operator 
planned to operate aircraft to a time table 
with 100 per cent. certainty—in both safety 
and regularity. He tried to use aircraft of 
such a nature, and in such a way, that every 
foreseen contingency that might arise during 
operations was catered for in a planned 
manner. That was the philosophy behind 
I.C.A.O. regulations. For example, if an 
engine failed above, say, 1,000 ft., then they 
ensured that with an engine out the aircraft 
could maintain the necessary terrain clear- 
ance on the route on which it was flying, 
and could be handled with reasonable 
comfort, and left the pilot to determine his 
subsequent course of action, which would 
depend on too many other variables to lay 
down specific rules. Engine failure during 
take-off was dealt with differently; here it 
was stated fairly precisely what the pilot 
should do and in what order. 

Contingencies might arise under two 
headings: those due to mal-functioning of 
equipment or structural failure in the aircraft 
itself; and those arising from operations as, 
for example, reduced visibility. 

On the structural and equipment side, a 
curve of “design knowledge available” 
against time might be plotted; this would 
have a positive slope showing, for example, 
that more was known about stressed skin 
design now than in 1930. On the same 
axes points might be plotted representing 
“design knowledge required to guarantee 
meeting design requirements” for each 
aircraft. Unfortunately it was in general 
not possible at any given time to say exactly 
where the “design knowledge available ” 
curve lay nor, in the case of a particular 
aircraft, to say at the time of design whether 
the “design knowledge required” point lay 
above or below the curve. It was hoped 
that most of the points lay near the curve, 
but now and then an aeroplane would be 
built for which the point was, quite 
unwittingly, well above it. This was 
probably inevitable, and acceptable when it 
produced a “ better” aeroplane in the case 
of service types; it undoubtedly happened 
also in civil types, and led to the unforeseen 
contingencies. Points got above the curve 
from the designer’s desire to advance the 
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knowledge, and from his attempts to meet 
the operator’s constant demands for more 
economical aeroplanes. 

Similarly a curve might be plotted of 
“operational knowledge available,” which 
again sloped upwards showing, for example, 
that operations now took place under 
weather conditions which previously 
grounded aircraft. The points in this plot 
represented “ operational knowledge required 
to complete a given flight with 100 per cent. 
certainty in safety and regularity.” Again 
the point, representing any given flight, might 
be above or below the curve—the fact that 
the accident rate was small showed that 
most of them were below. Points got above 
the curve due to attempts to operate under 
conditions too adverse for present know- 
ledge and equipment, or to a sudden adverse 
weather change. 

In both those plots points below the curve 
represented things within their knowledge 
and experience, points above the curve 
represented a state of affairs outside their 
knowledge and experience. From any 
situation which put the point above the curve 
they could only rely on the pilot to extricate 
them; when he failed there was either an 
accident or a “near miss,” depending on 
how high the point was. Accidents and near 
misses also occurred from situations repre- 
sented by points below the curve, due to 
“ pilot error” and the same cause introduced 
a further group of incidents of all degrees of 
seriousness. 

If it were agreed that the present civil 
aviation accident rate represented a greater 
risk than they were prepared to take for the 
advantages that accrued from travelling by 
air, then it must be concluded that the major 
reason was the failure of pilots to meet the 
responsibility that was thrust upon them. 
This became clear if accident statistics were 
examined, for example those published in 
the latest issue of the Civil Aeronautics 
Administration Statistical Handbook of 
Civil Aviation. There the causes of some 
310 accidents (only those occurrences caus- 
ing fatal or serious injury to persons or 
appreciable damage to aircraft) in American 
Domestic Scheduled Air Carrier Operations 
during the years 1938-1946 could be grouped 
into: pilot error 45 per cent., power plant and 
structural failure 23 per cent., operations 17 
per cent., other 15 per cent. Pilot error was 
usually subdivided into “errors of 
judgment” and “errors of technique”; the 
former suggested that the selection of pilots 
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was at fault (or perhaps supermen were 
required!), the latter that their training could 
be improved. Captain James had pleaded 
for a high professional standard of etiquette, 
discipline and ability from pilots which, when 
attained, would render company regulations 
and codes unnecessary. He had described 
that desirable state of affairs already 
achieved by the engineering profession, but 
when they considered the pilot’s 45 per cent, 
contribution to the accident rate, and com. 
pared the training and experience of a pilot 
with those of a Chief Designer, who Captain 
James would like to see fly now and then as 
an airline pilot, it seemed presumptuous at 
this stage for airline pilots as a body to class 
themselves as a profession. 

The alternative approach to the problem 
of reducing the accident rate was to ensure 
that all points representing “ requirements” 
fell below the curve of “ availability.” This 
meant that the operational demands must be 
lowered, for example they must be satisfied 
with less regularity by not attempting to 
operate in the more adverse conditions, or 
the operational aids must be increased by 
investing in them a greater amount of the 
saving that derived from the use of air 
transport. On the structural side aircraft 
well below the curve were probably less 
“efficient” transport vehicles, so that on 
both counts air transport would become 
more costly. 

If the former alternative were chosen, then 
they relied for safety on making of piloting a 
select and highly skilled profession, and the 
required standard would increase and not 
remain static, for without a firmly applied 
brake some aircraft points would always lie 
above the curve. The latter alternative 
probably took many of its present advantages 
away from air transport, and put the pilot 
in the same category as those responsible 
for other forms of transport. 


G. R, Edwards (Vickers-Armstrongs, 
Fellow): As a Chief Designer, he agreed 
that Chief Designers should sit in aeroplanes 
alongside both test pilots and airline pilots 
in order to see how the aeroplane worked, 
because that was the best way in which to 
instil into them the necessary degree of fear. 
If a Chief Designer could be prevailed upon 
to fly he could appreciate the various points 
and could even use the same language! He 
could appreciate the troubles which went 
with the changes of trim, for example, and 
if he became frightened that was better still. 
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In defence of his fraternity, after Mr. 
Hardingham’s remarks, he ought to say that 
the reason why they incorporated advanced 
materials, power units with certain 
characteristics, and so on, was that, if they 
did not incorporate them, some other 
designer who did not know all the rules of 
the game would do so. Then if the rival] 
could convince prospective buyers that his 
aeroplane was a better proposition, that it 
could carry 5,000 Ib. more payload than 
others, he would get more orders, the 
designers of other aircraft would get the sack, 
they would not produce any more aeroplanes 
and would not need any Requirements. 
Perhaps that was what Mr. Hardingham was 
getting at! 

He had found the Registration Board 
always fair and reasonable to deal with, 
ready to listen to any reasonable argument, 
even if no notice were taken of it! He 
believed the Board received the full 
co-operation of the Industry, which did 
everything it could to help. Two things he 
had said about Requirements were that an 
aeroplane could meet the Requirements and 
still take a long time to get back on the 
beam, and that he did not think there needed 
to be a Requirement for flexible tanks. 
Actually he felt that there ought to be, but 
the reason he had said he did not think 
there ought to be was that he knew the 
Registration Board had sat firmly on the 
fence and had issued recommended practices 
on tanks instead of a Requirement, as 
although they would like to fit flexible tanks, 
some aeroplanes that were being built could 
not have them! 


A, C. Clinton (Engine Division, Bristol 
Aeroplane Co. Ltd. Assoc. Fellow) 
contributed: A factor contributing to the 
comfort of the pilot and his crew, and one 
which reduced fatigue was reduction in 
engine vibration. The gas turbine engine 
with its absence of vibration was an 
important contribution to air safety, as well 
as the use of kerosene as a fuel which 
lessened the fire hazard compared with 
petrol. 

Another point was the reduction in main- 
tenance (a) of the gas turbine engine 
compared with the piston engine, and (db) of 
he airframe due to lack of engine vibration. 

Less maintenance by the servicing staff 
reduced the chances of trouble due to inter- 
ference by the human element. Those points 
affecting reliability of the mechanism, as 


discussed in the formula developed by Mr. 
North, should tend to increase the reliability 
factor. 

The gas turbine provided a large quantity 
of heat which was useful for heating cabins, 
and for de-icing or anti-icing systems. The 
development of the methods of using this 
heat was promising and should be an 
increasingly useful contribution to air safety. 


Professor A. A. Hall (Imperial College, 
Fellow) contributed: Mr. North suggested 
that his remarks earlier in the discussion 
were a thin cover for an accusation that 
Mr, North’s approach was “ bogus.” This 
was not so; his approach was not bogus, 
for it stated the aviation problem in terms 
of other problems with, no doubt, reasonable 
accuracy, and he had not intended to suggest 
otherwise. But they must decide how far 
the approach was useful. To his mind, the 
proper use of analogies fell into two classes: 
the first was that of the analogy between two 
phenomena which were governed by the 
same equations, so that quantitative results 
applicable to the one were obtainable from 
the other; examples were the use of the 
electric potential tank to solve problems 
connected with the flow of inviscid fluids, 
and the solution of problems of chance by 
the use of devices subject to factors of 
probability similar to those influencing the 
original problem. The second was the use of 
a qualitative analogy to enlighten thought on 
a difficult or new problem in terms of more 
established or less difficult thought in another 
field; the purpose there was to use the 
analogy only as a guide to the next logical 
step in the original problem, for it did not, 
or should not, serve to replace that step. 
Mr. North’s analogies did not appear to 
fall in either class; they did not seem 
capable of producing quantitative results, 
and he wondered whether they illuminated 
the problem. Airworthiness was affected by 
a number of factors, some random, some 
non-random, some correlated, some 
uncorrelated, and that would appear to state 
the position qualitatively, as usefully as did 
the analogy to a game. Incidentally, unless 
Mr. North’s draught-board was altered for 
each game, it would no doubt be possible, 
once having succeeded in the task, to 
reproduce that result continuously and 
exactly, a situation which hardly applied to 
the airworthiness problem. 

Dr. Bell’s remark on the testing of motor 
cars illustrated well the point he endeavoured 
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to make in his first contribution, rather than 
demolish it, as Dr. Bell suggested. He stated 
that it was found that track testing did not 
reflect what happened to the car in the user’s 
hands. In pursuing this matter correctly, 
an attempt would first be made to find out 
why this was so; Dr. Bell suggested that it 
was because the  test-driver reacted 
instinctively to the track. This could readily 
be established by suitable instrumentation. 
If it were established, the remedy was clear; 
a long-period mechanical filter was required 
between the driver’s foot and the throttle 
control. With this in place, the test should 
yield useful data; if it did not, they should 
try to find out why. His previous remarks 
were intended to convey that this was the 
kind of process through which they must go 
if they hoped to obtain the best results from 
testing; to accept that nothing more could 
be done and that it was useless to test in this 
way was, he submitted, incorrect and must 
result in a less sound approach to testing 
than he would like to see. 

In reply to Mr. North’s comment that 
aircraft instruments were unreliable things, 
his remarks were concerned with one 
particular instrument; he believed that 
similar results could be obtained with others. 

Professor Pugsley suggested that he was 
too easy a victim of sensitivity to a vocal 
press and public opinion and in consequence 
took too short a view. He did not wish to 
suggest that they should be over-sensitive to 
those things or that they should take an 
exclusively short view, but he felt that they 
were factors of which account must be taken; 
Professor Pugsley’s wish to neglect early 
effects entirely in favour of statistical 
inferences was, he thought, to work in what 
was, to use Mr. North’s term, the wrong 
environment. The facts on those matters 
were harsh, and they would be unwise to 
neglect them. 


Miss P. M. Newton, contributed: A point 
of minor importance, in connection with 
passenger psychology, was, was it advisable, 
when briefing passengers at the beginning of 
a flight, to include, in this briefing, informa- 
tion concerning (i) passenger lifebelts, where 
these were to be found in case of emergency, 
and a practical demonstration of the way in 
which they must be worn and used; also (ii) 
escape hatches, the number, method of use, 
and their situation in the cabin? 

There were two distinct views: that all 
passengers should be acquainted with those 
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details before flight, in case, although highly 
improbable, they should be needed; or, 
that it would be more advisable to leave those 
details out altogether and permit the 
passengers to begin their journey in ap 
undisturbed frame of mind. 

This was a point which occurred to her on 
each flight when briefing passengers. 


H. C. Newton (Assoc. Fellow) contributed: 
In an effort to simplify things for the pilot 
and give more assurance to the passengers 
why not consider reverting to the fixed 
undercarriage—this would also save con- 
siderable complications in design and 
manufacture and possibly weight. He did 
not see why a good sprung leg could not te 
nicely streamlined into the underpart of the 
inboard engine nacelle (especially with a 
low-wing design), presenting a very low drag. 
He had seen some wheels retracted into 
cavities leaving serious ridges and bumps 
around them which must cause serious local 
eddies and consequent drag. 

Would Captain James say if this might 
relieve a pilot’s anxiety as to whether one or 
other of the wheels might stick at the next 
landing, and which might have been the 
cause of some accidents? From Mr. 
Edwards’ point of view a retracted under- 
carriage made for clean aircraft in flight as 
well as reducing drag, but as Mr. Edwards 
was the practical type of designer he feit 
that if he thought that its withdrawal from 
use was in the interests of safety, and might 
further attract passengers in the future, he 
would not hesitate to scrap it forthwith. 

He felt most strongly that the flying boat 
was the only real answer to long sea cross- 
ings, and even heretofore a preference had 
been shown by the public for the flying boat 
as against the landplane on the Africa and 
Australia route (from which the boats had 
been withdrawn)—even allowing for the 
longer time taken. Theré was a_ good 
chance of the flying boat surviving in the 
event of a forced landing in the water as 
was shown by the memorable happening in 
the Atlantic to the overloaded American 
flying boat in 1947 when all were rescued. 

The landplane should remain also, for the 
present, at roughly the size of the DC-4 or 
DC-6 or the H.P. Hermes, while the flying 
boat could be made as big as engines and 
available structural material permitted— 
there being plenty of water free to use, and 
no need for millions to be spent on runways. 
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Flying boats might be slower than land- 
planes but it was better in the long run to 
be safe and sure, as if there were any more 
disasters at sea to landplanes passengers 
might always choose a liner. 


In a question of urgency a charter 
company could always be approached and 
used where safety was not the paramount 
importance. 


Perhaps both Captain James and Mr. 
North would answer. The latter had 
remarked that he feared that flying had not 
grown much safer in his life time; he rather 
thought it had, mainly because of more 
reliable engines, bad-weather aids, and 
meteorological information, but comfort had 
not gone forward so quickly—the famous 
Handley Page 42 air liner of circa 1930 was 
more comfortable than many to-day; and it 
did serve meals then, and plied, perhaps 
slowly, but very surely between London and 
Paris. 


Dr. Bell’s research extremely 
enlightening and of much value, but there 
was the thought that one day during a 
sudden (and perhaps local) deterioration of 
weather quite a few machines might 
converge on say, Heathrow and Northolt, 
and if they were “stacked” at 1,000 feet 
some of the late arrivals were going to have 
to climb to great heights which would not 
only take a long time, both up and down, 
but waste fuel (which might be already 
short), time, and passengers’ patience. 


If Jet engines, especially straight jets as 
against turbo-props, became common usage, 
did Dr. Bergin think that certain sound 
waves, including those which they might not 
be conscious of hearing, would be 
detrimental to a crew always operating, and 
also affect passengers temporarily by nausea 
or other possible means? 


Had smoking in the passenger cabin (or else- 
where) been the cause of any crashes, either 
through ignition in the air, on crashing, or 
after a crash? If so would it not be better 
to prohibit smoking in flight, especially when 
tanks were in the fuselage? 


N. E. Rowe (British European Airways, 
Fellow) contributed: A recurring motif in the 
discussions had been the emergency which 
the pilot must be able to handle effectively 
when it came. The impression could not be 
avoided that the emergency would come. 
He had found himself asking the question. 


“Why do emergencies arise?” a question 
which contained great relevance to the broad 
problem of air safety at this time. Were 
they perhaps pressing ahead too fast; should 
they not pause a little to consolidate and 
concentrate on improving reliability. It 
might sound heretical, but it was only 
another way of asking for the simplification 
to which Mr. Woodward Nutt had referred. 
They only asked for simplicity as a means 
of obtaining reliability; if the complicated 
equipment they had could be made very 
reliable they would not worry much about 
its complexity. Perhaps Mr. North would 
care to reply to this point. 


Earlier both Mr. Scott Hall and Mr. 
Masefield asked for automatic blind landing 
gear as a means of relieving the pilot and 
obtaining higher regularity of operation. He 
doubted if this were the right line of develop- 
ment; it most certainly would involve a 
further advance into complexity of equip- 
ment, leading to still higher unreliability. 
Take-off and landing were both critical 
manceuvres with modern aircraft, yet at the 
critical stage when the highly trained pilot 
could make his best contribution they called 
in a greater complexity of equipment to take 
the opportunity from him. It might be far 
more fruitful to so design aircraft and use 
automatic devices, that the pilot suffered the 
minimum of fatigue during the flight and 
was thus able to apply his skill most 
effectively when it was most needed, during 
the critical landing manceuvre. 


Dr. Bell gave the times taken to run-up 
engines immediately prior to take-off. Those 
times were significantly long and would be 
of great importance at a busy airport. Why 
did they have to run up engines in this way? 
Was this not another evidence of potential 
unreliability because they were pressing their 
equipment too hard? 


Mr. North said, “‘ However necessary, air- 
worthiness and operational regulations may, 
by their very uniformity, create an untested 
tradition which in the interest of evolution 
ought, as a matter of principle, to be con- 
tinually questioned.” He thought there was 
wisdom in this. Sometimes they were forced 
to make regulations hurriedly and without 
full knowledge; but apart from those, there 
was a steady development and growth of 
knowledge which was continually outmoding 
existing techniques of design and fabrication. 
A periodic review of airworthiness require- 
ments would be a good thing to do. 
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MR. NORTH 


In attempting to make a general reply to 
the discussion there are two difficulties—(1) 
since there were four papers before the 
meeting it was a little difficult to sort out 
those which related to one’s own paper, and 
(2) some of the revised typescripts referred to 
remarks which he made in response to verbal 
Statements which the speakers had subse- 
quently struck out of the report. He felt, 
therefore, that he must try to group the reply 
by the nature of the observations, rather than 
by the people who made them, and he would 
inevitably reimport into his reply some of 
the verbal observations made. 

His paper did not attempt to discuss air- 
worthiness as such, but to discuss its 
relationship to safety. 


Professcr Pugsley said he would prefer to 
see aeroplanes being made “ airworthy ” 
rather than “ perfectly safe.” He thought 
Professor Pugsley would agree they must not 
be made perfectly dangerous, and the 
question he had tried to examine was, was 
there some standard of safety? If there was, 
how was it arrived at and what was its 
relationship to airworthiness? If they knew 
the relationship they should in principle, at 
least, be capable of producing aeroplanes 
satisfying that standard. The judgment as 
to the standard of safety he did suggest could 
not be made on its own; it was to be 
balanced against usefulness. This judgment 
he believed to be a social judgment and that 
the role of aeronautical engineer and 
physical scientist in this matter was rather 
that of expert witnesses than judges. 


To attempt to approach the problem from 
the safety angle on some quantitative basis 
was, he thought, what Professor Pugsley 
meant by referring to sitting back in vacuo 
and producing a set of requirements which 
he recognised as a current tendency among 
airworthiness authorities. The problem 
which he had tried to examine was whether 
this form of approach was likely to be useful 
in the present state of knowledge, and the 
conclusion he had reached was that it was 
not. The reasons were:—The simplest 
hypotheses which could be employed to 
express the relationship in the hope of 
producing significantly correct results were 
too complex to permit useful hypothetical 
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REPLIES TO THE DISCUSSION 


inference and secondly the present state of 
knowledge of the parameters involved in any 
event would make a quantitative solution 
impossible. This he believed to be the 
origin of the vacuum to which Professor 
Pugsley referred and constituted one of those 
sets of circumstances in which Mr. Harding. 
ham’s moan about the tendency to employ 
mathematics to explain everything had some 
justification. 


There were, however, growing up new 
conceptual ideas to which he had tried to 
draw attention, which, in conjunction with 
the development of computing machines, 
suggested that there might be a possibility 
of finding solutions on those lines in the not 
too far distant future, providing the neces- 
sary field work was done to determine the 
relevant parameters and the subsidiary 
operators necessary to define relationships. 
Since his paper was read Norbert Wiener’s 
‘Cybernetics ” had been published, and he 
would certainly now include it in the publica- 
tions which he suggested would be of 
interest in connection with this problem. 
They could not escape empiricism, this 
indeed would condemn them to retuin to 
scholasticism, but empiricism had become 
an overworked word in the sense which 
Professor Pugsley used it. Haavelmo had 
replaced it by the concept of laws of low 
autonomy, and it was this sort of law which 
in his view they had successfully employed 
in deciding whether aeroplanes were ait- 
worthy or not. In other words they had 
found by experience that aeroplanes having 
certain properties could usually be regarded 
as airworthy, although this did not enable 
them to escape the necessity of making a 
final judgment on the aeroplane as a whole. 
When they tried to set down a definition of 
those qualities they were in fact making 
statute law whether they liked it or not. It 
was easy to get into a form of circular 
argument by defining an airworthy aeroplane 
as one which conformed to statutory regula- 
tions when the statutory regulations were 
nothing more than an attempt to describe 
the qualities of those aeroplanes which they 
had come, by experience, to regard as alf- 
worthy. 

Professor Pugsley likened the function of 


an airworthiness authority to the provision 
of statistics on rainfall, but the functions of 
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an airworthiness authority, based on this 
analogy, were to prevent a person from 
getting wet, and they could avoid getting wet 
by deciding not to go out when it was rain- 
ing, or when it was likely to rain. The kind 
of statistics that were necessary seemed to 
him to include those relating to the reliability 
af short term judgments. 

Professor Pugsley also referred to the 
value of codes of practice. It was important 
to remember that one important function of 
an airworthiness authority was that of a test 
house to provide a considerable amount of 
quantitative information as an independent 
and competent body; only in a limited num- 
ber of cases did the authority on the strength 
of this information decide that an aeroplane 
was Or was not airworthy. The value of 
this function was often overlooked. Codes 
of practices were, however, something 
different and they had the defects of their 
qualities. The history of building regula- 
tions prior to the beneficial influence of the 
Building Research Station showed how 
obsolete engineering practice could be kept 
alive. In so far as they provided evidence 
he thought they were extremely valuable; 
in so far as they gave formulas then he 
thought they were open to the dangers of 
pocket-book engineering. 


Mr. Hardingham thought his exposition 
of the relationship between airworthiness and 
safety was subjective rather than objective. 
Subjective was another of the terms which 
had become very much overworked, but if 
they excluded idiosyncratic as the meaning 
of subjective then he thought that safety, like 
probability, was subjective in character. If 
they wanted to discuss anything objectively 
they must discard all human feelings, 
emotions and experience, and he could not 
bring himself to regard a collision between 
asteroids as being in the same class as one 
between two human controlled aeroplanes. 
In the former case the word safety seemed 
to have no meaning. He could, perhaps 
meet the point which he thought Mr. Hard- 
ingham wished to make if he altered the 
word “ accepted ” in the last sentence of his 
Note 3 “ the dangers of flying might be less 
than those which are regarded as normal to 
the accepted way of life” to “accepted or 
imposed.” He had in mind the case of the 
evacuation of refugees during the Indian 
troubles. 

If, when Mr. Hardingham referred to the 
tendency to criticise airworthiness require- 


ments he was referring to that type of 
criticism which suggested that an aeroplane 
would be much safer if airworthiness 
authorities did their job properly, and also 
they would be much more useful if they did 
their job properly, then he did not think that 
kind of criticism had any real foundation; he 
thought it would be hard to find anybody 
else to do the job better. He had formed 
a general impression from reading the reports 
of accident investigations that few accidents 
owed their origin to aeroplanes being differ- 
ent from what they were thought to be. It 
was highly desirable that authorities, 
particularly when they themselves exercised 
a critical function, should be subject to 
criticism in the sense of critical appreciation. 
Although the acceptance of this as desirable 
meant opening the door to ill-informed and 
even malicious criticism, it was essential to 
what they understood by democracy. The 
denial of criticism was the very essence of 
totalitarianism. It was inevitable that there 
should be a degree of uniformity which 
might be even more serious now that they 
had an international authority. Mr. Hard- 
ingham would be well aware that there had 
been certain divergencies of views between 
the English and the American ideas of air- 
worthiness practice and that in some cases 
there was no adequate evidence to decide 
which view was correct. If in advance of 
experience those difficulties were resolved, 
perhaps by some kind of compromise, the 
variation which could have been subject to 
the test of survival might never occur. It 
was a matter of some interest to consider the 
discussions which had been taking place on 
the proposal to abolish the censorship of 
plays, which had many parallels, and to 
observe the prevalent desire for absolution 
in advance. 


Mr. Scott Hall and Mr. Masefield both 
expressed a belief in the desirability of 
automatic devices to take over in some 
degree the functions of what he had called 
the micro-mechanism. He could not find, 
from such enquiries as he had been able to 
make among psychologists and physiologists 
who had worked in the relevant fields of 
research, any support for the view that this 
would in general lead to an increase in safety. 
There were, however, certain aspects of the 
micro-mechanism which could be more 
effectively done by some automatic devices. 
The weakness of automatic devices was that 
they were purely reflex in character, and 
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incapable of learning. There was an 
interesting story in one of J. K. Jerome’s 
books, he thought, Novel Notes, of an auto- 
matic dancing partner which illustrated 
forcibly the dangers of reflex mechanisms. 
Nevertheless he felt that there was a great 
field for developments of this kind to which 
they referred. 


Dr. Hick: The experimental evidence that 
the acceptable risk rate tended to drift 
towards greater risk was inferred from the 
fact that the effect of both propaganda and 
the actions of regulatory authorities always 
seemed to be directed towards the reduction 
of the risk rate, while in many cases the 
effect appeared to be to keep the risk rate 
stable. He was only thinking of stability in 
the sense of a linear system which, if freed 
from the damping effects he had quoted, 
would no doubt become non linear and 
oscillate with some limited amplitude. The 
reason for drift in this direction was that in 
the type of cases they were considering the 
advantages to be gained by taking greater 
risks were more obvious and immediate than 
the disadvantages. 

He thought that Dr. Hick was right so far 
as individual human beings were concerned 
when he expressed the opinion that the 
ability to judge the total situation was more 
important than the simple reaction time. 
In certain elementary cases this would be 
shown to be so. The ability to judge the 
total situation tended to keep them out of 
trouble although the shorter reaction time 
might help them to get out of it. 


Dr. Womersley queried the suggestion 
made in the paper that the last move prior 
to an inevitable accident was unique. On 
further reflection he found that Dr. 
Womersley was quite right. 

There was a finite set of all possible moves 
which might be divided into two sub-sets—A 
in which every move led to an accident 
inevitably, B (the complement) of moves 
which did not. A unique move prior to an 
inevitable accident required that there should 
be only two conditions for the sub-set A, 
either it contained all possible moves except 
one, or it was an empty set. Obviously A 
could contain more than one move and 
usually did. Hence the conclusion in the 
paper was wrong in general. The point 
which was material might be shown in 
another way. If the number of moves in B 
were large it was not difficult to select a move 
out of the B sub-set, but there were among 


990 


AIR SAFETY—GENERAL DISCUSSION 


them some which would decrease it, some 
which would leave the partition unaltered, 
The partition might also be altered by the 
changing environment. The problem of 
keeping out of trouble was to select a series 
of moves so as to keep the content of B from 
decreasing to less than some quantity as far 
as might be possible on the information and 
in the circumstances, or rather, since the 
partition and the effect of environment was 
uncertain, the expectation of the content, 

This was broadly what he had called the 
macro-mechanism. Since this course of 
safest action might be inconsistent with the 
maximisation of Y the strategy could only 
be determined from the relation Y= X 

He thought it would be true to say that the 
choice of safe moves prior to an inevitable 
accident would be small since if it were large 
only carelessness or wilfulness would lead to 
the selection of the wrong move. It seemed 
that this could be developed to give a 
definition of error of judgment. 


Mr. Rowe asked for some definitions of 
the formula for X, Y and D. The relation- 
ship between X, Y, and D given in the paper 
was a little more than a matter of definition 
and he certainly hoped that he had made it 
quite clear in the paper that he did not 
believe that D could be estimated simply as 
proportional to the number of passengers 
damaged. It was no more easy to assign a 
quantitative value to it than it would be to 
things like pleasure or pain. Nevertheless it 
was weighed in the balance against the 
advantages, otherwise it would never be 
possible to decide on a course of action. 

A particular example might be of some 
assistance. When a decision was taken to 
abandon or postpone a scheduled flight this 
was done on the judgment that the expecta- 
tion of Y in the prevailing circumstances was 
<O. The equation as he had written it was 
simply the cumulative effect of decisions of 
this kind. Mr. Rowe’s point that D might 
damage the total yield was covered by the 
fact that such damage was by definition 
included in D. This was the point discussed 
in Note 1 in the paper. The relations 
between X and D on the one hand and A, 
E and H on the other was again a definition 
since A, E and H were an arbitrary tricho- 
tomy of the universe. The possibility Mr. 
Rowe referred to that E was not independent 
of A and H was excluded by the definition. 
There was no question of a different A 
requiring a different E; having decided the 
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basis of their trichotomy everything fell into 
one or another class. The question, for 
example, as to whether an aircraft was likely 
to be safe if they were to operate it on auto- 
matic control was simply a matter of com- 
paring the solutions for two different A’s. 
The process was roughly analogous to 
partial differentiation, but the variation had 
to be examined over the whole range of E 
and H, which was relevant. The use of the 
word “relevant” might appear strange in 
relation to a trichotomy of the universe, but 
it was made possible by the doctrine of de 
minimis. This enabled them to ignore 
insignificant parameters. The statement that 
it was unreasonable to expect to relate any 
qualities of an aircraft directly to the risk of 
accident was made because risk of accident 
depended not only on those qualities but also 
on E and H, which amounted to saying that 
they could not treat a trivariate function as 
univariate. 


Professor Hall took the paper to mean 
something very different from what was 
intended. If he did not believe him, he 
hoped that he would believe Dr. Womersley, 
who was certainly familiar with the concepts 
and methods employed. He thought this 
misunderstanding had arisen from Professor 
Hall’s unorthodox idea of the nature of 
statistical inference. Jn the course of his 
verbal observations he stated that it was 
quite easy to find a gambling system to 
ensure winning if only the capital were large 
enough. This was rather similar to 
expressing a belief in the easy attainment of 
a perpetual motion machine. The diffi- 
culties of statistical inference did not arise 
in cases where the frequency distribution 
was known from the construction of the 
gambling machine. They arose when the 
frequency distribution inherent in the 
machine had to be estimated from a sample 
and especially so in cases where this 
frequency distribution might be changing 
from throw to throw. It was possible to 
construct endless chains of gambling systems 
Whose behaviour was to be examined and 
compared with the sample, and the other- 
wise endless chain was only brought to an 
end by invoking the Principle of Indifference 
concerning which procedure there could only 
be said that it was adopted when no better 
procedure could be thought of. 

Professor Hall also seemed to consider 
that any series must represent a system of 
tither minimum or maximum entropy, but 


in the practical affairs of life for the most 
part they were concerned with intermediate 
systems. In certain kinds of experiments it 
was possible to induce a state of maximum 
entropy by randomisation; this could not, 
however, be done in a single time series. It 
was inadvisable to reject the possibility of 
systems having serial correlation without first 
examining its potential usefulness in any 
particular case. If a gambling machine were 
imperfect in that sense it was possible to 
improve the expectation by discovering the 
nature of the serial correlation. Indeed, the 
degree to which this was possible was the 
fundamental distinction between a game of 
skill and a game of chance. The division 
was not wholly between games entirely of 
skill and entirely of chance; they could be 
classified according to the contribution of 
each to the expectation. 

It was a system of this kind which he had 
tried to illustrate, and it was one which had 
quite different expectations from a system in 
a state approaching maximum entropy. He 
had adopted a model (it could be called an 
analogy if preferred) which he believed to be 
the simplest possible model containing the 
elements necessary to give significant results. 
He had suggested that there was no useful 
solution obtainable at present. If the model 
could not be simplified without destroying 
the significance of the deductions, which 
could be drawn from its behaviour then no 
simpler model useful, particularly 
models based on maximum entropy which 
readily gave solutions, unfortunately entirely 
incorrect. If the rational approach were 
unavailable they must fall back on intuition, 
which handled the matter in a very different 
way. It had the capacity of being vaguely 
right rather than precisely wrong. If Pro- 
fessor Hall found the paper barren Dr. 
Womersley found it fruitful. 

Professor Hall also seemed to think that 
statistics only related to large numbers and 
that a decision based on rare events was not 
a Statistical decision. If they considered the 
case of an aeroplane considered to be air- 
worthy (by the means available to them) 
involved in two accidents concerning which 
there was no evidence other than that they 
had occurred then, if a re-examination of 
the airworthiness of the aircraft produced no 
further evidence, he said, with some confi- 
dence, that the decision to discontinue the 
use of that aeroplane was a decision based 
solely on statistical inference. The statistical 
evidence was very weak, but if the impor- 
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tance of the remote possibility which it 
implied were so great as to overweigh the 
consequences of discontinuing the use of the 
aircraft then a statistical inference had been 
made precisely of the type described in the 
paper. 

The purpose of the introduction of the 
concept of reliability into the paper was to 
take account of the fact that the A term was 
a distribution. What was discussed was the 
possibility of determining this distribution 
by experiments conducted on a _ purely 
Statistical basis. Generally speaking, he had 
suggested that this was not possible and there 
was an overwhelming volume of evidence 
to show that it was rarely achieved. In 
referring to the unreliability of instruments 
he was not aware that Professor Hall was 
basing his generalisation on a single instance. 
In using the word “ failure ” he was thinking 
of a degree of functional aberration which 
made the mechanism unsuitable for the 
purpose for which it was intended. 

There were classes of products which were 
very appropriate to experiments of this kind, 
for example the distribution of the length of 
life of an electric light bulb. Even those 
experiments postulated environmental condi- 
tions which were often not realised. There 
were others which had such a weak trend 
that the idea of a failure free life was 
meaningless. The majority of aircraft 
failures seemed to be in that class. 

He agreed with Professor Hall that the 
environmental conditions chosen for test 
should reflect environment rather than 
represent it, but as he said, the process of 
choosing test conditions which did suffii- 
cently well reflect subsequent environment 
was in many cases extremely difficult. In 
making those remarks he was in no way 
deprecating the value of tests. There was no 
doubt that the more testing done the more 
improved the product, but this improvement 
was more often due to the intuitive infer- 
ences drawn from observing the behaviour 
of products under test than by any statistical 
inference which could be drawn from the 
tests themselves. Whether more testing 
might usefully be done than was, depended 
on the value to be derived from the tests in 
relation to their cost. That he thought would 
be found very different in different cases. 

Professor Hall commented that unless the 
draughtboard were altered for each game 
they could learn how to be successful. 

He hoped that no one attached any signifi- 
cance to the particular form of the diagram 
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(although Mr. Hardingham seemed to have 
done so). Almost exact repetition’ of 
experience was rare, but partial repetition 
was not uncommon; the ability to recognise 
such situation patterns and how to deal with 
them was the product of learning they called 
experience. 

He accepted Professor Tustin’s com- 
ments on the presentation and could only 
plead in excuse that consideration of space 
to say nothing of the labour involved, led 
him to write the paper in a way which might 
for some require an examination of the 
references. Professor Tustin, he knew, was 
familiar with that kind of idea and, he 
believed, would support him in his belief 
that they could not be expressed in aero- 
nautical engineering terms. 

As he rightly said, the faculties of the 
mind extended very far beyond verbal 
processes and the tendency to substitute 
rational processes in place of intuitive ones 
often led to over-simplification of the 
problem in the attempt to find a workable 
hypothesis. 

He thanked all those who had contributed 
to the discussions and appreciated the many 
valuable ideas and criticisms offered. Lest 
he be thought to believe that mankind could 
be separated like the sheep and the goats into 
two classes—the competent and honest and 
the incompetent and the dishonest—he 
would say that he believed none of them 
were omnicompetent or wholly honest. His 
observations on the value of ad hoc judgment 
should be read in the light of this 
explanation. 


DR. BERGIN 


He believed that as yet there was n0 
method of assessment by which to determine 
accurately those who would become good 
pilots and those who would -be bad pilots. 
Considerable research had been directed to 
the matter during the war, particularly 
in Bomber Command and Fighter Com- 
mand, and certain unsuitable elements could 
be excluded by a rough screening process, 
but the maximum was found to be 
about three per cent.; anything further than 
that was not considered to be safe or wise. 
The Americans had adopted that method to 
a large extent, and it was found that a 
number of people who had been excluded 
by pre-selection had become extremely com- 
petent pilots at a later stage. 
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He knew the pilot very well of the 
aeroplane which had taken off with the 
controls locked, mentioned by Mr. Scott 
Hall; the case was an example of the 
intelligent application of what was known, 
coupled with very swift reaction, whereby a 
potentially dangerous situation was over- 
come. There was no doubt that certain 
personality traits did make men good pilots; 
and a combination of the factors mentioned 
above might well be the deciding factor 
between safety and disaster. 

He stressed the point about the difficulty 
of assessing fatigue made by Dr. Buchanan 
Barbour; he was very interested from the 
point of view of B.O.A.C. operational 
schedules but as yet there were practically no 
reliable tests on which advice could be 
tendered to the executive. Until they had 
available a really good method of assessment 
it would be difficult to put forward any 
formule or preconceived ideas on methods 
of avoiding fatigue. 

The Auto-kinetic illusion mentioned by 
Mr. Dixon was the apparent movement of a 
single light against a uniformly dark back- 
ground. It had produced accidents when 
aircraft were flying in formation, and when 
the only light which a pilot could see was the 
tail light of the leading aircraft. Having 
watched it for a time a pilot behind would 
gain the impression that the light was moving 
to the right or left, whereas it was not actually 
so doing, and he would take action which in 
a number of reported cases had resulted in 
collision. The incidence of auto-kinetic 
illusion could be considerably reduced, and 
in many cases abolished, by the application 
of two or three simple rules. First, if three 
or more lights were used in different planes, 
vertical and horizontal, instead of one light. 
the condition was entirely abolished, e.g. 
instead of having one tail light, there should 
be two wing lights, and one on top of the 
fuselage and one at the tail. Secondly, the 
condition was almost entirely abolished if 
vision were interrupted; vision could be 
interrupted by the pilot blinking momentarily 
or alternatively, by the use of flashing lights 
instead of steady ones, as were used in a 
number of aircraft. The real requirement 


was to provide spatial localisation, and that 
could be done by having lights in different 
planes, as described, or by getting fixation 
from a steady light from another source 
entirely, such as the ground, from a wind- 
shield frame, wing-tip, or something of that 


sort. localisation were not 


If spatial 
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obtained, the illusion could be very powerful, 
and dangerous. 


He would support the suggestion that 
passengers should have their backs to the 
engines, but a number of factors had to be 
considered. There was no doubt whatever, 
from the physiological point of view, that 
much greater deceleration factors could be 
withstood by the human frame when facing 
the rear than when facing forwards; there 
was considerable evidence to prove it. 
Another factor, however, was that the 
transport undertakings had to carry the 
travelling public, and in times when 
regimentation was rife, such freedom as the 
individual could still retain was an important 
factor. Some people, when in a train, pre- 
ferred to face the engine, and they should be 
allowed to do so and should not be forced 
to sit the other way. If aircraft passengers 
were asked to sit with their backs to the 
engines and the only explanation that could 
be given was that it would be better for them 
if an accident were to occur, their minds were 
immediately directed to accidents. The real 
answer to the problem was to provide 
swivelling seats, as the President had sug- 
gested, so that passengers could face in any 
direction, and in the event of an accident, 
or if an accident seemed imminent, they 
could be fixed in a rearwards facing position. 
However, he was informed that the expense 
and weight penalty of providing such seats 
would be considerable, so that it was difficult 
to press for them at the moment. 


Mr. Campion: There was no reason why 
artificial aids to vision should not be used 
by air crews, but the authorities took the 
view, he believed, that any equipment liable 
to error or breakdown at any time was to be 
deprecated. If eyesight were pronounced 
adequate for flying there would not be a 
sudden deterioration. On the other hand 
spectacles might break at a critical moment, 
contact lenses were not entirely satisfactory 
in every way, and he believed the official 
attitude at the moment was that, if they had 
sufficient people available who could fly 
without artificial aids, they should not accept 
those who needed those aids. 


Mr. Masefield: It was obviously desirable 
to have as much automatic flying as possible 
in order to rest the pilot, but, as Mr. Scott 
Hall had _ pointed out, instantaneous 
reactions were necessary when coming in to 
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land in order to correct the aircraft’s attitude 
and position with regard to the runway. The 
human pilot’s reactions could be very quick. 
If, however, an instrument went wrong, so 
that the pilot had‘ to notice that it had 
gone wrong and had to take correcting 
action, there would be an appreciable time 
lag, which might be dangerous. 


Mr. Masefield had suggested that they 
would have to bend human nature to fit 
the requirements of to-day but they must be 
careful to avoid bending the human organism 
to breaking point. Everything should aim 
at making flying easier and reducing pilot 
fatigue. More instruments could make flying 
safer, but they represented something more 
for the pilot to watch. Brain, eyes, muscles 
and ears were getting over-loaded. 


The answer to the President’s question 
about the use of senses other than sight 
and hearing in the cockpit was two-fold. 
First, the senses of taste and smell were 
notoriously inaccurate and were subject 
to far more variation than were sight and 
hearing, so that they would not be reliable; 
secondly, as to whether sight or hearing was 
the better, they would need to delve rather 
deeply into the comparative physiology of 
man as a whole. At the moment, visual aids 
were better on the whole than the auditory; 
it was more difficult to listen to conversation 
as well as instrumental music than to see 
two or three things at the same time, and he 
believed it was conceded that more could 
be taken in by the eyes than by the ears. 


CAPTAIN JAMES 


It was extremely difficult to deal with Mr. 
Hancock’s request for a _ list of the 
instruments which would be regarded as 
essential in a control cabin; for the views of 
one pilot were bound to be different from 
those of another. But he believed they could 
claim to have reached a very high degree of 
standardisation in the layout of flying 
instruments and that they were now satisfied 
with it. The need would have to be deter- 
mined by the pilots, for they were mostly 
concerned with the applications and the 
reliability of the instruments in depicting the 
various sections of the aeroplane. 


The question had been asked by the 
President as to whether it would be desirable 
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to extend standardisation to the aeroplanes 
themselves, so that each aeroplane would 
produce the same reactions. It would, but 
he felt that in asking for that they were 
asking more or less for the impossible, and 
he believed the average pilot would be 
satisfied to have an aeroplane which would 
meet the overall requirements of bad weather 
flying, as indicated in the paper. 


It would be preferable also, of course, to 
be able to prevent ice formation, rather than 
merely to be able to get rid of it when it 
formed. In his paper he had asked just fora 
little; they wanted eventually to be able to 
keep an aeroplane quite clear of ice, but let 
them begin by making provision for getting 
rid of that which inevitably collected. 


His remark about Chief Designers 
becoming airline pilots was made because 
he had some evidence for it; there was one 
Chief Designer at least who admitted that 
he had benefited a great deal by being in the 
air with airline pilots and watching their 
reactions. They would not be expected to 
become airline pilots in the sense that they 
should. fly regularly on the air routes; what 
he had intended to convey was that at least 
they would be better able to see the point of 
view of the pilot and they would save them- 
selves a lot of trouble in the long run, 
because, however low the mental ability of 
the pilot might be, he did obtain a great deal 
of operating experience, which no one else 
obtained. The pilot might find it difficult 
to put over to others the benefit of that 
experience, and it would save him and 
everybody else a lot of bother if the Chief 
Designers, with their higher mentality, were 
with him more often! 


As to the point that pilots should properly 
be classed as drivers, as a pilot of long 
standing he would be delighted if the 
problems of aviation could be solved in 
that way. If they could produce an 
aeroplane which would fly along pre 
determined tracks without any guidance 
from the man in the front, which could be 
stopped by the pressing of a button and 
which could be “ hung on a hook ” so that 
the pilot could look around and take time in 
making his decisions — which decisions 
apparently were never very difficult — then 
a pilot could perhaps be classed with an 
engine driver. But he could give Mr 
Lawrence lots of rides in an aeroplane which 
would shake his ideas about immediate 
decisions! 


some 
billia 


| 
&: cag 
abs 
the 
all 
10] 
at 
tot 
that 
4 par 
to 
hei 
avel 
hau 
airc 
The 
airc 
Nor 
: inflt 
Nor 
arri 
time 
and 
not 
80 ¢ 
A 
mad 
conr 
ago 
men 
thor 
whic 
usin; 
| treat 
= Drive 
missi 
coulk 
Teasc 
subje 


DR. BELL 


The problem of mixing jet and piston- 
engined aircraft at the same airport required 
a great deal of careful study. His own 
absolutely personal opinion was that it could 
be done subject to two primary conditions, 
the first being that the time of arrival of the 
jet aircraft must be known to within fine 
limits (say not more than a minute) before 
the aircraft left its efficient operational 
height, and the second that the positions of 
all other aircraft, whether in transit or hold- 
ing, must be known with sufficient accuracy 
to permit Control to prescribe an unimpeded 
safe approach and let down path. 

Not a great deal of work had been done 
on the type of time table “ cheating ” referred 
to by Mr. Masefield, but it must be confessed 
that the accuracy of schedule-keeping, 
particularly of departing aircraft, left much 
to be desired. During the Summer 
Operational Research Study in 1948, it had 
been found that for departing aircraft the 
average error was 6 minutes late for short- 
haul (i.e. European services) aircraft at 
London Airport and 20 minutes late for 
aircraft (all short-haul) at Northolt Airport. 
The corresponding figures for arriving 
aircraft were some one minute late at 
London Airport, and 6 minutes late at 
Northolt, although the latter figure was 
influenced by a small number of very late 
arrivals (up to 2 hours late); in fact at 
Northolt nearly 70 per cent. of all aircraft 
artived within 15 minutes of their scheduled 
times. 

Poor reported E.T.A.s were both common 
and troublesome—troublesome because they 
might lead to aircraft being allocated heights 
not conforming to their order of arrival and 
so delay the whole landing process. 

As an interesting side-line to the point 
made about trials by Professor Hall in 
connection with another paper, some years 
ag0 a well-known car manufacturer had 
mentioned that although cars were 
thoroughly tested by driving along courses 
which no ordinary citizen would dream of 
using and made to stand up to such ill 
teatment when they got into the hands of 
piivate drivers trouble in springs and trans- 
missions still appeared all too frequently. He 
could only suppose that a skilled driver, for 
tasons perhaps psychological, just could not 
ubject his car to the strains imposed by 
sme drivers under conditions of almost 
tilliard-table driving. 
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He agreed with Mr. Barnett when he 
pleaded for standardisation of adequate 
precision aids, the lack of which was the 
biggest source of trouble on airports at the 
moment. It was bound up with various 
considerations, particularly economic and 
production difficulties in Europe. In this 
connection he thought a good deal of 
improvement was required in the presenta- 
tion of navigation data, possibly even at the 
cost of some loss of accuracy. 

He also agreed with Mr. Barnett, that 
something like 15 or at most 20 landings per 
hour would prove to be the limit for con- 
ventional techniques, and that higher rates 
would demand revolutionary changes not yet 
even seriously thought of, and almost 
certainly involving specialised airborne 
equipment. Considerations such as these 
raised the fundamental question as to 
whether it would be more economical to 
provide the necessary precision control 
equipment or to design an integrated system 
of airports, each of which was relatively 
lightly loaded. 

In reply to Mr. H. C. Newton, the question 
of a sudden deterioration of the weather was 
very much with them, and in Great Britain 
they were trying to meet it by careful 
attention to scheduling. There was in 
existence a “Standing Aerodromes Utilisation 
Committee” with representatives of the 
Ministry of Civil Aviation and the Operators, 
which considered the likely capacities of the 
various British Airports several months 
ahead, and determined the number of 
arrivals and departures which could be 
maintained in fair weather, and in foul 
weather, until, of course, the airport had 
to close down altogether. The operators 
then tried so to spread the schedules that this 
capacity was not exceeded, and there was 
accordingly every hope of avoiding really 
severe congestion, while if the traffic situation 
did get out of hand, various plans for 
diversions were put into operation. 

London and Northolt Airports were 
restricted to scheduled traffic, so that the 
load was largely independent of the weather, 
while the charter airports were so lightly 
loaded that they could handle their traffic in 
virtually all weathers in which landings were 
possible. In the United States of America, 
where many airports were heavily loaded, 
and the co-existence of charter and scheduled 
traffic largely precluded such planning, there 
was no alternative but to cancel take-offs and 
resort to what was known as “ flow control ” 
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to reduce the load, a fact which was causing 
much anxiety, and directed a good deal of 
thought to the requirements for all-weather 
operations. 

There was some evidence that an airport 
managed to operate quite well at its I.F.R. 
capacity until the visibility fell to about 
2,000 feet, below which the evidence of 
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overshoots suggested that pilots found 
rapidly increasing difficulty in making good 
their landings: low cloud base (down to 400 
feet, or even less) appeared to be leg 
important than poor visibility. Recent 
improvements in approach lighting were 
expected to increase safety and reliability in 
conditions of poor visibility. 
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A STRUCTURAL TEST FRAME WITH 
AUTOMATIC LOADING 
by 
F. W. PAGE, B.A., A.F.R.Ae.S. and J.C. KING, B.Sc., M.Sc., A.F.R.Ae.S. 


INTRODUCTION 


THE DESIGN of test frames of all types 
owes a great deal to the pioneer work of 
the Structures Department, Royal Aircraft 
Establishment. This particular frame con- 
tains some novel features and has been 
subjected to some unusual overall calibration 
tests, particularly in relation to the entirely 
automatic and centralised control gear. 

The choice of apparatus for testing large 
scale structural components may be 
influenced by many factors. In the present 
case, the choice of a test frame rather than 
other types of equipment was governed by 
the following considerations. 

In an industrial establishment it is essen- 
tial that test equipment should be put to 
maximum use. Unlike a central testing 
establishment such as the R.A.E., major 
strength tests are relatively infrequent and 
therefore the equipment should also be 
suitable for as much as possible of the 
development and research testing which 
cannot be undertaken on standard material 
testing machines. A permanently rigged 
test frame, capable of applying vertical, 
horizontal and torsion loads, permits a wide 
range of such testing, virtually any desired 
combination of loading being obtained by 
simple rotation of the specimen with a 
minimum of special rigging; adequate 
alternative anchorages can obviously be 
provided for different types of specimen. 

Local site conditions and the possibility of 
removal to an alternative site again, in the 
present case, suggested a test frame rather 


Paper received May 1949. 
tr. Page is Assistant Chief Designer, Technical 
and Projects, and Mr. King is Group Leader, 
Mechanical Tests, in the Aircraft Division of the 
English Electric Co. Ltd. 


than equipment based upon a reinforced 
floor. It was appreciated that a reinforced 
floor with special loading bridges has an 
undeniable advantage for testing large 
swept-back wings, but this was not felt to 
outweigh the advantages of a test frame. 
Moreover, it will be shown later that, 
because of careful attention to the design, 
the test frame can accommodate a fair range 
of swept-back wings. 


Because of the difficulty of finding suffi- 
cient labour at intervals only, the severe 
restrictions imposed on the loading capacity 
of each bridge and the difficulty of doing 
repeated loading tests with manual straining, 
power straining was selected. This at once 
allowed simple centralised control of the 
test; with suitable choice of straining gear 
and load indicating system, the further step 
to entirely automatic loading was relatively 
simple. 

The size of frame selected was between 
the R.A.E. “Abbey” and “Cathedral” 
frames but provision was made in the 
strength of the centre section for a possible 
extension by two 15 ft. bays. In the 
interests of simplicity, the number of bridges 
was restricted to six, each of 20-25 tons 
capacity. Throughout the design, attention 
was paid to the following characteristics, 


(1) reliability 

(2) accuracy 

(3) flexibility in use 

(4) cheapness of construction and use of 
standard components. 


A pictorial view is shown in Fig. 1 and 
the frame, a straining unit and the control 
desk are shown respectively in Figs. 2, 3 
and 4. 
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Fig. 2. 
View of test frame looking towards cantilever end. 
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Fig. 3. 
Loading unit. 


: 
Fig. 4. 
Control panel. 
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Fig. 5. 
Final arrangement of loading mechanism. Aircraft test frame. 
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DESIGN OF FRAME STRUCTURE 


Hitherto, most frames have been designed 
on the basis of loading in a vertical plane. 
This is satisfactory if tests are restricted to 
wings and, by rotation of the specimen, was 
satisfactory also for fuselages and tail units 
before the introduction of loading cases 
combining vertical, lateral and torsion loads. 
Considering these combined loads and the 
need to make the frame suitable for as wide 
a range of detail and research testing as 
possible, each vertical member of the side 
frame bracing, and the transverse plan 
bracing member at the same station were 
incorporated in a U frame (see Fig. 1). This 
U frame is employed to distribute side, 
torsion and some vertical loads into the side 
frames. 

Provision was also made for cantilever 
tests with the specimen anchored at one end 
of the test frame. 

The design of the side frames and plan 
bracing is conventional except that bolted 
joints are used throughout so that the 
bracing may be modified quickly at any 
section to accommodate specimens of 
unusual shape. 

The strength provided is given below. 
Each figure is the maximum load of the 
specified type that can be applied using the 
usual stresses for structural steelwork 
(safety factor 3.5). 


Distributed load per side frame =140 tons 


Vertical load central 
anchorage = 200 tons 


Side load at 10 ft. from base of 


each U-frame = 8tons 
Side shear strength of plan 

bracing = 25 tons 
Vertical load for 30 ft. canti- 

lever test = 40 tons 
Torsional moment reacted by 

heavy end frame = 300ton-ft. 


In all cases the frame alone has been 
designed to withstand the specified load; 
ground anchorage is not necessary except to 
support the weight of the frame. 


DESIGN OF LOADING UNIT 


For reasons of simplicity and flexibility 
the loading units were designed around 
dectrically-driven straining gear and medium 
pressure hydraulic load measuring capsules. 
Provision was made for mounting these units 
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on bridges spanning the test frame at 
intervals. Each bridge consists of a pair of 
14 in. x 8 in. R.S.Js. battened at each end 
and equipped with hand rails and duck 
boards. When not required the beams can 
be dismantled quickly and made available 
for use elsewhere on the test frame. 

Each loading unit comprises a box section 
weighbeam supported on a steel base 
structure. This beam, pivoted near one end 
on a plain bearing, mounts at the other end 
the straining gear and is supported between 
this and the pivot on a hydraulic load 
measuring capsule. A two-speed motor 
mounted on the base adjacent to the pivot, 
drives a gear box with three output shafts 
running at varying speeds. Any of these 
shafts can be connected to the straining unit 
through a long shaft fitted with universal 
joints to cater for weighbeam movements. 

The sectioned view of the straining unit 
in Fig. 5 shows that the straining rods are 
raised and lowered by capstan nuts rotated 
by left and right hand worm gears keyed to 
the driving shaft. These parts, together 
with the thrust bearings for the nuts, are 
assembled in a heavy steel block, supported 
midway between the straining rods on large 
self-aligning taper roller bearings. This 
ensures that the straining rods are axially 
loaded, even though there may be lateral 
movement of the specimen to which the rods 
are connected. 

The load measuring capsule comprises a 
vertical spindle guided between roller bear- 
ings and upset at its lower end, to form a 
large flat base bearing on a_ rubber 
diaphragm. By positioning the capsule 
relative to the pivot, a selected proportion of 
the load on the straining rods is transmitted 
to the guided spindle and reacted by 
hydraulic pressure on the underside of the 
diashragm. Other details of this unit are 
shown in Fig. 6. 

Technical data on the loading unit, 
including information on straining rates, is 
given in Table 1. 

As the accuracy of the equipment is 
largely determined by that of the capsule, 
most of the development work was con- 
centrated on this item which was developed 
from the Westland Aircraft Company 
capsule, kindly lent to the English Electric 
Company for test work. This showed that 
an accuracy of about two to four per cent. 
could be obtained. A trial capsule designed 
for compressive loads only (the Westland 
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Fig. 6. 
Section through 25 ton load measuring capsule. 


capsule is designed for tension or compres- 
sion), was manufactured and tested in an 
Avery 50-ton testing machine. This work 
led to a redesigned diaphragm clamping ring, 
and to a change in the diaphragm from 
1/32 in. to 1/16 in. neoprene and later to 
3/32 in. fabric reinforced rubber to avoid 
the risk of bursts. 

The next step was to build a pilot loading 
unit incorporating a modified capsule. This 
was calibrated in the test frame by using a 
30-ton hanging weigher in the connection of 
the straining rods to the cross beams of the 
frame. Calibration tests were made 
applying the load :— 

(a) by running the motor 

(b) by pumping oil into the capsule. 

The reason for using these two methods is 
described later. The calibrations, typical 
examples of which are plotted in Fig. 8, 
showed that the maximum accuracy is 
obtained when straining by motor with the 
capsule central (i.e. diaphragm flat), and is 
about + 1 per cent. This figure increases 
from two to three per cent. when straining 
by pumping oil—attributed to pressure losses 
in the pipe line—or when the capsule ram 
is high or low-—no doubt due to diaphragm 
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deformation changing the effective cross 
sectional area of the ram. 


DESIGN OF CONTROL GEAR 


For synchronising the number of loading 
units necessary for aircraft testing, a system 
is required which will distribute the loads 
correctly and take account of the variation 
of straining rate with location of the unit and 
with load. That these variations are large 
may be judged from the fact that the strain 
at a tip loading unit on a wing may be as 
much as twenty times the strain at the root 
loading unit (an 18 to one ratio can be 
achieved with the equipment described 
herein). 

The load applied at each loading unit 1s 
distributed on to the specimens in the 
requisite manner by a conventional link and 
lever system of predetermined proportions 
To keep the ratio between the loads on the 
individual units constant, the capsules ate 
positioned, so that their distances from the 
weighbeam pivots are in the same ratios as 
the loads. In this way the pressures in all 
capsules are equal when the loads bear the 
correct relation one to another. Hence, 
provided all capsules are connected to the 
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same hydraulic circuit and they can all be 
kept floating, the required load distribution 
can be maintained. 

To achieve this, it is necessary to relate 
the speed of straining to the load at each 
unit, whether loading under manual or 
automatic control. The essential relationship 
is obtained from the fact that the beam of 
any loading unit, the straining rate of which 
is faster than the weighted average of all 
units, will fall. Similarly, the beam of a 
unit running too slowly will rise. This can 
be demonstrated by considering the com- 
patibilty of the specimen and beam 
displacements. As will be seen from the 
description of the controls which follows, this 
movement can be used to indicate when too 
much strain is being applied at one unit 
under manual control, or to start and stop 
the motors when using auto-control. 


TABLE I 
STRAINING UNIT TECHNICAL DATA 


MoTOR 
2 h.p. induction motors working off 440v. 
3 phase 50 cycles A.C. supply, motor 
speeds 1440 and 2900 r.p.m. 


STRAINING RATES 
Motor | 
\ Speed 


Gear Ratio \_ 1440 r.p.m. | 2900 r.p.m. 


Rate of 


Straining Inch per min. 


1:3 | 4.0 | 8.1 
1:9 | 1.33 2.7 
| .44 | 88 


Total travel of straining rods=6 ft. 


LOAD CAPACITY 
Capacity of Loading Unit - 20 tons 
Capacity of Capsule - 25 tons 
Hydraulic pressure for 25 ton load on 
capsule = 1000 Ib./sq. in. 
By positioning the capsule this pressure 
can be made to correspond to 5-20 tons 
load on the straining rods. 
Travel of capsule ram from central position 
= 5 in. up 
in. down. 


O 


Fig. 7. 
Controls for one straining unit. 


The controls are grouped together in a 
single panel at the centre of the upper 
decking of the frame. The hydraulic 
controls comprise a central distributor 
supplied by hand and power pumps and from 
which branch pipes lead to the capsule on 
each loading unit. The pressure in the 
circuit is measured by a standard pressure 
gauge and checked by a second gauge. All 
pipe lines are fitted with a shut-off valve to 
isolate any of the capsules or services not 
in use. 

The 440v. three-phase A.C. supply to the 
motors is fed through starter contacts, the 
exciter currents for which are controlled 
either by hand push buttons mounted in the 
panel, or by switches mounted on the 
loading units and operated by the rise and 
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Fig. 8. 


Typical calibration curves. 


fall of the weighbeams, as _ described 
previously. The automatic switch also 
incorporates a safety cut-out which trips the 
main supply to all motors should any weigh- 
beam move outside the acceptable limits. 

Particular attention was paid to the design 
and grouping of the controls in as simple 
and as representative a manner as possible. 
Figs. 4 and 7 show a general view of the 
control panel and a close up of the controls 
for each unit. In addition to the selector 
switches and push buttons it will be seen 
that indicator lights and a beam position 
indicator are included. 
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Straining unit No. 5. 


When adjusting the loading units before 
test or testing under hand control, the push 
buttons are used toestart and stop the motors. 
Synchronisation is achieved by keeping an 
eye on all the indicators to see that no beam 
deviates from the central position, shown in 
Fig. 7. When operating under automatic 
control the procedure is to put all the motors 
under the control of the switches fitted on 
the loading units. |The beams are next 
raised by pumping oil into the hydraulic 
circuit until the beam indicator shows 
“load.” In this position the automatic 
switches are all set to switch the motors t0 
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strain upwards, and apply load as soon as 
the master control (main supply switch) is 
closed. The units then switch themselves on 
and off to make the mean rates of straining 
at each unit correspond to the relative 
deflections determined by the correct load 
distribution. To unload, oil is bled from the 
system by a throttle valve until the beam 
position indicators show “unload” when, 
upon closing the master control, the strain- 
ing gear lower the straining rods and reduce 
load. 

It was appreciated when designing this 
control gear that the following troubles 
might arise when running under automatic 
control : 

(a) As the motors are unbraked there might 
be too much over-run after the supply 
to a motor had been cut off. This 
would lead to hunting. 


(b) With all beams free to rise or fall a 
condition might arise where all the units 
on one side were loading and on the 
other unloading, resulting in a bodily 
rotation of the specimen. 


WITH AUTOMATIC LOADING 


(c) Any device designed to overcome (b) 
might restrain the specimen so much as 
to affect the overall accuracy of the 
loading. 

For these reasons the work described in 
the next section was undertaken. 


TEST FRAME TRIALS 


Before making major structural tests using 
fully synchronised loading, a number of trials 
was made. For this work a dummy 
specimen comprising two large I-beams was 
arranged in the test frame, as shown in 
Fig. 9. The beams clamped together and 
loaded symmetrically were held down by a 
2 in. diameter central pin, about which they 
could rotate. This represented the conditions 
usually prevailing in a symmetrical tip to tip 
wing test where the centre section fuselage 
is anchored at two pivots on the longitudinal 
axis. By blocking the weighbeams of one 
or two loading units, isolating these from 
the remaining units and treating them as 
anchorage points for the beam, it was 


FRAME. 


Fig. 9. 
Dummy wing in test frame. 
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possible to represent other types of test. For 
example, by making No. 4 unit (Fig. 9) an 
anchorage point, the specimen was 
representative of a fuselage held at the front 
and rear wing spars and loaded at three 
stations. 

To check the applied loads, calibrated 
strain gauge dynamometer bars were fitted 
at each loading unit. Trials were made on 
the dummy specimen under various condi- 
tions of anchorage as outlined above and at 
different straining speeds to elucidate the 
behaviour of the synchronising gear. A 
particular watch was kept for any signs of 
hunting or specimen instability. 

The following were the general con- 
clusions reached as a result of the work. 


(a) Hunting 
Provided that the relative speeds of 
straining corresponded very roughly to the 
estimated relative deflections, there was no 
difficulty due to hunting. A complete 
disregard for the specimen deflections, as 
for example setting a wing root loading 
unit to run at three or four times the speed 
of a tip unit, resulted in over-run 

difficulties. 


(b) Tip-to-Tip Wing 


When testing the specimen rigged for 
this case and with all the loading units in 


immediately experienced. Under both 
automatic control and careful hand 
control, it was impossible to keep the 
specimen level. To overcome this, one 
tip unit was made “solid” by lowering 
the weighbeam on to the jacking pad and 
isolating the capsule. To keep the 
specimen on an even keel, the motor of 
the solid unit was interlocked electrically 
with the motor on the opposite tip loading 
unit. This ensured that the two tip 
deflections (relative to the test frame) were 
equal. With this arrangement automatic 
loading of the specimen was accomplished 
without any further difficulty. Comments 
on the accuracy achieved are given in 
paragraph (d). 


(c) Fuselage held at wing spars or a 
symmetrically loaded wing or tailplane 


With the specimen rigged to represent 
the above cases, which are particular 
examples of the more general case where 
the specimen anchorage reacts a moment 
as well as an up load, all the loading units 
were left free. Here again the automatic 
control behaved satisfactorily. 


(d) Accuracy 


As the calibration curves for a single 
unit showed a fairly consistent departure 
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+1 per cent. and +3 per cent., all the 
indicated loads in the dummy wing tests 
were reduced by 2 per cent. The errors 
in the load at each straining unit after this 
correction had been applied are plotted in 
Fig. 10. It is immediately evident that 
little accuracy is lost by operating the 
straining units under automatic control on 
a test specimen. It is also apparent that 
the use of a solid unit for the up to up 
wing test does not give rise to errors in 
loading at that unit greater than occur at 
the other units. 

Similar calibration curves were obtained 
for the other cases tested. 


DEVELOPMENTS 


The first obvious development is repeated 
loading. In some tests it may be desirable 
to load the specimen between certain 
predetermined loads; in others it may be 
preferable to load the specimen between 
certain predetermined deflections. 

Automatic repeated loading of either of 
the above types using all six bridges could 
be undertaken with only minor modifications 
to the electrical wiring. It would simply be 
necessary to re-wire the segments on the 
automatic switches and to insert either a 
pressure or deflection sensitive switch in 
place of the preselectors (see Fig. 7); the 
synchronisation between all six loading units 
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would still be maintained throughout the 
test. 

The second development is the testing of 
wings with considerable sweepback. The 
unobstructed width of the frame was kept 
as large as economically possible and the 
side bracing as simple as possible, in order 
to accommodate specimens of unusual 
shape. Fig. 11 shows how three different 
types of swept-back wing could be tested, 
In case (c) it might be necessary to provide 
an extension for the loading bridges at the 
wing tips and some rearrangement of the 
side frame bracing would be essential where 
the wing projects through the frame; this 
would not be very difficult since the side 
frame bracing has been assembled with 
bolted joints to facilitate local rearrange. 
ments. For swept-back wings larger than 
about 650 to 900 sq. ft. gross area, 
depending on the details of the planform, it 
would be necessary to resort to scale model 
technique. 


ACKNOWLEDGMENTS 


The authors would like to acknowledge 
the technical assistance received from the 
Chief Planning Engineer’s Dept. (English 
Electric Co. Ltd.) in the detail design and 
construction of the test frame and_ the 
information and experience made available 
by the Royal Aircraft Establishment at the 
outset. 


1. 
: : 
fer 
= the 
wh 
cal 
: of 
2. 
ord 
fere 
Pro 
Thu 
over 
Me 


t the 
ng of 


a 


kept 
d the 
order 
Lusual 
Terent 
ested. 
‘Ovide 
at the 
of the 
where 
this 
2 side 
with 
range- 
than 
area, 
orm, it 
model 


wledge 
m the 
-nglish 
m and 
the 
ailable 
at the 


A NOTE ON THE LOAD TRANSFERENCE 
ON MULTI-WHEEL BOGIE UNDER- 
CARRIAGES 


by 
E. G. COLLINSON, B.Sc., A.F.R.Ae.S. 


1. PURPOSE OF NOTE braking (i.e. a retardation of 0.3g) of 10 per 
cent. Since the whole aircraft is accelerated 
in pitch, there is a reduction in the total load 
on the main undercarriage because of trans- 
ference on to the nose wheel. Because of the 
high inertia of the aircraft compared with the 
bogie, the local transference may take place 
before the overall transfer, but this is 
transient. For nose wheels the tyre makers 
allow 25 per cent. dynamic overload and it 
seems reasonable that this figure can be 
___FORWARD applied to the front wheel of the bogie, for 
the transient overload. 

Let this now be considered in more detail. 


multi-wheel undercarriages the applica- 
tion of the brakes not only affects the total 
load on the undercarriage, due to trans- 
ference of some load to the nose wheel, but 
there is also a local transference between the 
wheels of the bogie itself. This note 
calculates these loads and gives two methods 
of preventing excessive overload of the tyres. 


Let the aircraft weight be W, and let the 
steady deceleration be ug. 
h In the static position the load on the main 
undercarriage is 
_mW 
and the static loads on the wheels are 
bP 
2. STATIC LOAD DISTRIBUTION 
The static wheel load distribution on the _,, R= i 
bogie is obviously proportional to a/b. In 
order to limit the dynamic weight trans- Now consider the brakes to be steadily 
ference, it may be advantageous to make applied. 
b<a, i.e. to overload the rear wheels. Then the total load on the main under- 


Probably the maximum overload acceptable carriage, after steady conditions are reached, 
by the tyre makers would be 10 per cent. is, 


Thus a : b should not exceed 55 : 45. <W 
3; DYNAMIC LOAD DISTRIBUTION and the loads on the wheels are 
It seems reasonable to accept a dynamic bQ+phw 
overload of the front tyres under normal R,’= ae 

Paper ived h 1949. a 
Mr. Collineon “ie Chief Technician of British 
Messier Ltd. a+b 
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The maximum transient loads are 
bP + 
a+b 
aP — »hw 


a+b 


The “nominal” tyre load is 


Then maximum static overload = A, 


The maximum steady dynamic overload 


P(a+b)- 
Maximum transient dynamic overload 
_2(6P+phW) 
~ (a+b) 
Average values for H and n are 
33L 
and n= 
then P=.85W 
Q=(.85 —.33u) W 
= (1—.388u) P 
Hence maximum static overload 
_ 2a 
a+b 


Maximum steady dynamic overload 
_ 2b (.85 —.33u)+2uh 
.85 (a+ b) 
Maximum transient dynamic overload 
_ 1.7b+2uh 
(a+b) 
Put a=bK so that static overload is 
2K 
i+K 
Then steady dynamic overload 
_ 2b (.85 —.33u)+2uh 
855 (1+ K) 
and the transient dynamic overload 
855 (1+ K) 


Taking the normal steady braked retardation 


to be 0.3g, then putting ».=0.3 


R’= 1.55+.6h 
(1+K) 
and 
1.7b+.6h 
856 (1+ K) 


TT n 
H 
R, 
Lo 
Fig. 2. 


Thus if 10 per cent. static overload is con- 
sidered satisfactory 


_55b _ Ub 
Hence 
R’= 13.5b+5.4h 
17b 
» _ 15.3b+5.4h 
Then for 10 per cent. overload during steady 
braking 
13.5b+5.4h _ 
be. 5.4h=(18.7— 13.5) b=5.2b 
iz. h= .965b 


For 15 per cent. overload h=1.12b 
Putting h=.965b transient overload=20.5 
per cent. 
Putting A=1.12b transient overload =25.5 
per cent. 
Thus by careful positioning of the. pivot 
point, the load transference due to braking 
can be minimised. 


4. COMPENSATING LINKAGE 


One other method of minimising the effect 
of braking is to use a compensating linkage: 
the method is as follows: —’ 

The brake torque is transmitted to the 
main leg through a link AB instead of by 
bending through the bogie beam. The link 
is positioned so that it cuts the line joining 
the axle to the bogie pivot at the ground. In 
other words, the instantaneous centres of the 
links AO, A’O’ (i.e. the brake assembly) must 
lie on the ground. The resultant of the brake 
drag and the load in the link has now n0 
moment about the bogie pivot and there 1s 
thus no load transference between the bogie 
wheels caused by brake drag (Fig. 3). 
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A NOTE ON THE LOAD TRANSFERENCE ON MULTI-WHEEL BOGIE UNDERCARRIAGES 


It should be noted that the link only com- 
pensates fully for one particular tyre radius, 
but at other radii the load transference should 
not be any greater than that described above. 
The link should be positioned so that it is 
fully compensating at, say, a radius equal to 
the normal rolling radius of the tyre. 

It will be appreciated that if the bogie pivot 
is in line with the axle centres, then the com- 
pensating link has to be parallel with the axle 
centres, the instantaneous centre being at 
infinity. In this particular case the link is 
fully compensating for all tyre radii. 

Another method is to use two links as 
shown in Fig. 4. In this case the brakes are 
coupled through the link AB, and the total 
brake torque is then transmitted to the under- 
carriage proper through the second link CD. 
As before, the link CD should meet the line 
joining the axle O’ to the bogie pivot E at 
the ground and the system is only fully com- 
pensating for one particular tyre radius. 


5. ESTIMATION OF OUT OF BALANCE 
LOADS WITH A COMPENSATING 
LINKAGE 


As mentioned above, the compensating 
linkages shown in Figs. 3 and 4, in general, 
are only fully compensating for one particular 
tyre radius. It will now be shown, however, 
that the out of balance loads for different 
radii are small. 

As only out of balance loads are being 
considered, the applied vertical loads on the 
tyres can be omitted from this analysis. 

Let the links BAC, BA’C’ be positioned so 
that the system is fully compensating for tyre 
radii r. Then the points C, C’ are on a line 
parallel to OO’ and distant r from it (Fig. 5). 

Consider a drag load D applied at a radius 
(r+x) to the front tyre of a bogie as shown 
on Fig. 5. 


D(r+x) 


The load in the link is where e 


is the offset of the link from the axle O. 

If the link makes an angle 4 with the 
vertical, the reactions at the axle on the bogie 
beam are 


cos 4 vertical 
and 
sinf6+D horizontal——~> 


The moment M of this reaction about the 
bogie pivot is 


where c is the height of the bogie pivot above 
the axles O and O’. Thus 


cDr sin 6 
e 


Since the system is assumed fully com- 
pensating at a tyre radius r 


Dra cos cDr sin 6 () 


8 
— 
Fig. 3. 
D(r+x) cD(r+x) . 
M= ———  acosé—cD— sin#6 
e e 
Dra cos 6 
M= —— -cD- 
e 
Cle! 
| Ge —, 
(rex) 
Fig. 4. Fig. 5. a 
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so that the resulting moment M can be 
written 


M= (acos é—csin 6) 


From equation (1) 


aDrcos@  cDrsiné@ 
e e 
: ce 
i.e. =(a cos 6—c sin 


Hence the moment M can be written 


Similarly there will be a moment 
M’= x’De 


in the same sense resulting from a considera- 
tion of the other wheel. Due to the total 
moment M+ M’ the radii r+ x, r+.x’ cannot 
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of course be equal but their difference will be 
so small as to be neglected. 

Thus the total out of balance moment can 
be written as 


The out of balance vertical loads on the 
tyres will then be 

2M 

a+b r(a+b) 

On a particular bogie undercarriage 
c=0.2 (a+b) so that for 10 per cent. change 
in tyre radius the differential loads on the 
tyres are .04D. 

If W is the total static load on the under. 
carriage, the total drag 2D is about 0.3W, so 
that the out of balance loads are approxi 
mately 0.006W. Thus if the “ compensating 
radius” is altered by 10 per cent. the 
resulting alteration in vertical load on any 
tyre is only about 1.2 per cent. 
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THE SCIENCE AND ENGINEERING OF NUCLEAR POWER. VOL. II. Edited by Clark 
Goodman. Addison-Wesley Press, Cambridge, Massachusetts. 1949. 45s. net. 
317 pp. 


This second volume of seminar notes from M.LT. is a collection of essays by 
24 different authors on various detailed aspects of the problem of applying nuclear 
energy to the production of industrial power. The first reaction of a British atomic 
physicist to the publication of this volume is one of amazement that in a country 
subject to the present witch-hunt and security scare, so detailed an account of the 
physics of nuclear reactors should have been possible. Certainly no corresponding 
group of informed scientists in Great Britain would have dared to publish so 
complete an account, even though, in detail, the various pieces of knowledge 
involved have been declassified. It is an extremely valuable book which will be of 
interest to a wide variety of engineers and scientists who are interested in power 
production, for any purpose, and who are looking towards the future. It is 
stimulating even to those concerned with the actual development of nuclear power 
in this country. 


The book discusses the occurrence and availability of uranium and thorium, 
the problem of separation of isotopes and the vacuum techniques involved, many 
aspects of the theory of nuclear reactions which determine engineering design, heat 
removal from nuclear reactors, the materials from which reactors are constructed 
and problems of shielding from the radiations produced. In addition to these are 
chapters on rockets and other thermal jets using atomic energy, on the production of 
radioactive materials, on the health problems which occur with atomic power 
reactors and a stimulating chapter by the editor on future developments in atomic 
energy. 

The difficulties of producing atomic energy for peaceful purposes are not 
shirked. The approach is realistic and brings out clearly the delaying effects of the 
emphasis placed at present on the military applications. 


It is natural that the articles comprising the book should be of variable weight 
and accuracy, but this is inevitable in a composite book based on material, parts of 
which are still subject to security restrictions. It is greatly to the credit of the authors 
and publishers that such a book should be made available at the present time. It will 
clarify many misapprehensions and give engineers a valuable introduction to a new 
branch of their subject.—M.L.O. 


ENGINEERING TOLERANCES. H. G. Conway, M.A., A.M.I.Mech.E., F.R.Ae.S. 
Pitman 1948. 30/- net. 286 pp. 103 figures. 


Every junior draughtsman should have a copy of this book, and every engineer 
should include its study in his course of training. 


Its subject matter covers the theory and practice of tolerances, limits, fits, and 
quality control, a study of the standard systems, both British and foreign, and some 
typical examples with the problems worked and in detail. 

As the author says in his introduction: 

“... a Serious defect in the training of young engineers is that they have no ready 
means of knowing or finding out what are the practical limitations of accuracy of 
the machines which are to be used to make the components they are designing.” 


| 
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Later he points out that tolerances and limits are too often selected by juniors 
out of convenient engineering reference books without a proper specialised study 
and that in general designers are always asking for excessively tight tolerances. 

He takes as an example a high pressure hydraulic pump for aircraft purposes, 
and devotes fourteen pages to a detailed study of its dimensions and their appropriate 
tolerances. He recalls a war-time experience where after about 20,000 aircraft 
shock-absorber assemblies had been made over a period of five years, trouble in 
service was suddenly experienced. It was found that a diaphragm fitted into the 
cylinder had the wrong limits on the drawing and would allow excessive distortion 
of the cylinder when clamped up. The reason why it was suddenly found out was 
because a new process had been adopted which tended to keep all cylinders on the 
opposite extreme limit to previous practice; the small percentage of trouble 
experienced in the past when the faulty limit was reached had been considered 
average and had not been investigated in detail. 

It is worth repeating that most troubles in production and subsequent usage 
are built into the design when it is still on the drawing board. 

And now we want someone to write a companion volume to do for Structural 
Design what Conway has done for Mechanical Design.—M.L. 


MICROWAVES AND RADAR ELECTRONICS. Ernest C. Pollard and Julian M. Sturtevant. 
Chapman and Hall, London, 1948. (John Wiley and Sons, New York.) 
30s. net. 426 pp. Illustrated. Index. 


There is a wide selection of recent books on the subjects covered by this title 
and a beginner to the field must find the selection of reading matter a difficult 
problem. The present book should solve this problem to a large extent. It is 
addressed to the advanced student or graduate scientist who has not hitherto 
specialised in radio or electronic circuits. It serves its purpose by covering a wide 
range of subjects in excellent perspective and in sufficient detail to avoid any 
suggestion of superficiality. 

The first chapter introduces electromagnetic theory from first principles and 
reviews, while not always deriving, the vector equations of the electromagnetic field. 
In this chapter, as in the remainder of the book emphasis is placed rather on physical 
description than on mathemazical detail. 

Chapters 2, 3 and 4 describe microwave components (e.g. wave-guides, cavities 
and aerials), oscillators (magnetrons and klystrons) and the technique of measure- 
ment at microwave frequencies. The treatment is clear and thorough within the 
stated scope of the book and is given a strong practical emphasis by the use of 
numerous examples from the authors’ experience. 

Chapters 5 to 8 deal with electronic circuits including pulse circuits, cathode- 
ray tube indicators, tuned amplifiers, receivers and noise. A later chapter (10) also 
deals with miscellaneous circuits which could well have been included in Chapter 5. 
The circuits are conventional and are clearly described, within the limits imposed 
by the lavish and largely unnecessary use of technical jargon. It is a pity to spoil 
an otherwise well-written book for the beginner by using slang terms which can only 
be understood by one who is already an expert. 

The circuit chapters also suffer from the omission of any reference to the Miller 
integrator and the family of circuits derived from it which were used so widely in 
British radar. Consequently the sections on time-bases, pulse generators and delay 
circuits bear little relation to current British practice. 

Chapter 9 deals with the difficult subject of servo-mechanisms as well as might 
be expected in twenty pages and Chapter 11 deals almost as briefly with “ Radar 
and its Accessories.” The latter chapter outlines the guiding principles in the design 
of a radar system but the examples quoted are, naturally, drawn from U.S. practice. 

A short chapter (12) on microwave communications is followed by a final 
interesting chapter on “ Microwaves in Physical Research.” This is an admirable 
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addition to the book and describes, among other things, the recent work of Beringer 
on microwave absorption and of Dicke on the microwave radiometer. For the 
student this final chapter will form the link between microwave radio and molecular 
physics. 

The book is exceptionally well produced with good clear diagrams. (It is 
particularly gratifying to see that all the circuit diagrams are clearly drawn in the 
British convention.) Mistakes appear to be few but the impressive figure of 
“ 10"° million cycles/sec.” given on the first page as the “ frequency of a light wave ” 
corresponds to the far ultra-violet. 

The book can be thoroughly recommended for anyone with a training in general 
science who is interested in microwaves, radar or electronic circuits —J.R.W. 


2 FLuip Dynamics. V. L. Streeter. McGraw-Hill. 1948. 30/- net. 263 pages. 


The weight and authority of Lambs’s “ Hydrodynamics ” has given the subject 
| oi dynamics of a perfect fluid a classical status. If a new book on this subject is 
to serve a useful purpose it must either develop novel lines of approach or discuss 
recent applications, or simplify the subject to cater for the needs of those for whom 
Lambs’s treatment is too mathematical and comprehensive. Professor Streeter’s 
book is evidently designed to meet this last requirement and does so with fair success. 
) The first three chapters deal with the fundamentals and basic theorems of perfect 
fluid flow, then there is a chapter of examples of three-dimensional flow. Two 
chapters are devoted to the theory of the complex variable and conformal trans- 
formation as a preliminary to the next two chapters discussing the flow round 
cylinders and aerofoils, the Schwarz-Christoffel theorem and free streamline theory. 


It The standard theorems of vortex motion are dealt with in the next chapter. There 
a is no discussion of the recent developments in aerofoil theory inspired by the 


problems of low-drag aerofoil design, nor is there any discussion of aerofoils of 
finite span. The last three chapters deal with the equations of viscous flow, some 
7 examples of viscous flow, including the elements of the theory of lubrication, and 
a brief elementary discussion of the laminar boundary layer. There is no discussion 
d of the theory of waves. 

It might be complained that the solutions to some of the questions discussed 
are not always developed in the most instructive manner, too often the answers 
are baldly presented and, although proven correct, the logic of their derivation is 
not apparent. The concept of images, for example, is not explicitly discussed 
é although several standard examples are given. The components of pressure 
normally called the hydrostatic and static pressures are here referred to as static 


of and dynamic pressures, respectively. This may cause confusion, particularly as the 
principles of the normal Pitot and static tubes are not discussed. 
é The book is attractively printed and the greatest care has clearly been taken 
30 with its presentation. The author has adopted the excellent practice of developing 
5. the sections of mathematical theory that are required and which are not normally 
-d part of an engineer’s course of studies. There are other equally readable and more 
il comprehensive text-books, but this book will be welcomed by the newcomer to the 
ly subject requiring a clear, simple introduction to its fundamentals.—A.D.Y. 
er 
ControL LINE FLYING. R. H. Warring. Percival Marshall and Co. 1949. 
ay 10s. 6d. net. 220 pp. 105 figures. 
ht STUNT CONTROL LINE FLYING. R. H. Warring. Percival Marshall and Co. 1949. 
ar 10s. 6d. net. 195 pp. 82 figures. ae 
on An interesting variation of the well-known sport of model flying swept America Bee 
“e. during the war and is now firmly established in Europe and the British Isles. In 
al this new sport, control-line flying, the model is tethered to the pilot by fine wires, Beet 
ile and by manipulating the wires the control surfaces can be deflected and the model e. 
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made to perform a surprising variety of manceuvres. Highly powered speed models 
can also be controlled and the American speed records are now in the region of 
150 m.p.h. The time is ripe for authoritative works on the technicalities of the new 
sport. 

“Control Line Flying” deals comprehensively with the more general aspects 
of control-line flying and covers the whole subject from the choice and design of a 
model to its actual flying and maintenance. The author has succeeded admirably in 
producing an extremely informative and useful book, well above the standard of most 
introductory works, in that he presents not only a “history ” of control-line flying 
and a survey of many successful types of model, but a critical and detailed discussion 
of current model practice in every phase of layout, structural design, flying technique 
and so on. Commendably, the author does not indulge in the common failing of 
so many “ popular ” writers, i.e. reminiscing at length on personal experiences and 
opinions; instead he deals in an orderly manner with all the details with which the 
— must become familiar, giving plenty of practical advice and sound “ working 
rules.” 

‘ — subject of speed flying is dismissed rather briefly, even for an introductory 
ook. 

In “Stunt Control Line Flying,” the first of his two books dealing with the 
specialised types of control-line model, Mr. Warring again contrives to condense 
the accumulated experience of the leading exponents in this rapidly developed field 
of model flying, dealing with each aspect in painstaking detail and giving innumerable 
examples and illustrations drawn from the best of modern British and American 
practice. The reviewer like the author, having learned stunt flying “the hard way,” 
can appreciate only too well the great value of this book, with its concentrated and 
tabulated information, to the newcomer who wants to do “ everything in the book.” 

“ Stunting without Tears” might be a more apt title for this workmanlike 
treatment of a practical subject.—F.E.D. 
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THE ROYAL AERONAUTICAL SOCIETY 


4 HAMILTON PLACE, PICCADILLY, LONDON, W.1. GROSVENOR 3515-9 


NOTICES | OCTOBER 1949 


CONTENTS OF OQCTOBER JOURNAL 


Discussion on Atr Safety: — 

Some Aspects of the Relationship Between Airworthiness and Safety, by J. D. 
North, F.R.Ae.S., M.I.Mech.E. 

The Physiological Aspects of Air Safety, by K. G. Bergin, M.A., M.D., A.F.R.Ae.S. 

Air Safety from the Pilot’s Point of View, by Captain J. W. G. James, O.B.E. 

Operational Research into Air Traffic Control, by G. E. Bell, M.Sc., Ph.D. 


A Structural Test Frame with Automatic Loading, by F. W. Page, B.A., 
A.F.R.Ae.S., and J. C. King, B.Sc., M.Sc., A.F.R.Ae.S. 

A Note on the Load Transference on Multi-Wheel Bogie Undercarriages, by 
E. G. Collinson, B.Sc., A.F.R.Ae.S 

Reviews. 

The Council have set aside an annual sum of £250 for the award of premiums 

for papers published in the Journal and hope that members and non-members 
of the Society will contribute papers on their own special subjects. 


THE AERONAUTICAL QUARTERLY 


The second number of ‘‘ The Aeronautical Quarterly ’’ was published in August. 
Copies are obtainable from the offices of the Society, 4 Hamilton Place, W.1, at 
7s. 9d. each to members of the Society, post paid, or 10s. 3d. each to non-members. 
The contents of the second number are :— 

Displacements of a Linear Elastic System under a Given __D. Williams 

Transient Load 
Skin Friction in the Laminar Boundary Layer | in Com A. Dz. Young 

pressible Flow : 

The Measurement of Gas Turbine Combustion Efficiency by L. J. Richards and 

Gas Analysis .. ‘<a J. C. Street 
A Simplified Theory of Simple Waves ”” A. Ghaffari 


The first number, of which copies are still available, contains the following 
papers : — 
Control Reversal Effects on Swept-back Wings .. a H. Templeton 
Calculation of Downwash Behind a Supersonic Wing .. G. N. Ward 
Estimation of the Effects of a Parameter Change on the 
Roots of Stability Equations .. K. Mitchell 
Flutter of Systems with Many Freedoms .. ay a W. J. Duncan 
Note on Propeller-Turbine Reduction Methods .. E. C. Pike 
Determination of the Drag of Jet-Propelled Aircraft in Flight G. W. Trevelyan 
and D. R. Blundell 


Notes on the Linear Theory of Incompressible Flow Round 
Symmetrical Swept-back Wings at Zero Lift .. kis F. Ursell 


The special attention of members is drawn to the fact that a strictly limited edition 
only of ‘* The Aeronautical Quarterly ”’ is printed and numbers cannot be reprinted 
in any circumstances. 


THE SOCIETY’S LECTURES 

The Council have decided to extend the Society’s lecture programme to include 
subjects of specialised interest ranging over the many different branches of 
arronautical science and engineering. 
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To interest the specialist and to assist the junior members of the Society a series 

of special lectures (called Section Lectures) are being arranged in the Society’s 

library. Five of these additional lectures will be held in the Autumn Session and 
upon their success will depend the extension of the scheme. The Section Lectures 
will be of two main types:— 

(a) An exposition on a subject by an expert on the lines of a University Lecture 
occupying 40 to 50 minutes, followed by a discussion in which the audience 
will ask questions rather than make additional contributions to the subject. 
No pre-prints will be available normally for this type of lecture. 

All the Section Lectures arranged for the Autumn Session are of this type. 

(b) A “ Discussion Evening ’’ which will be opened by a lecturer presenting the 
main points of his paper in not more than 10 minutes, followed by a general 
discussion. 

If the success of the Section Lecture is established, a number of these will be 

read out of London. 

Although all Main Society Lectures will continue to be published in the JOURNAL 

it is not proposed that the Section lectures or the Discussions should automatically 

be published. 

LECTURE SESSION, AUTUMN 1949—MAIN LECTURES 

(To be held at 6 p.m. at the Institution of Cwwil Engineers, Gt. George Street, S.W.1, 

unless otherwise stated. Tea will be served at 5.30 p.m.) 

Thursday, 24th November 1949—AT BRISTOL—A Review of Aerodynamic 

Cleanness, E. J. Richards, M.A., A.F.R.Ae.S. 
(At 7.15 p.m. at the Royal Fort Physics Laboratory, Bristol) 

Thursday, Ist December 1949—The Weight Aspect in Aircraft Design, L. W. 
Rosenthal, A.F.R.Ae.S. 

Thursday, 15th December 1949—JOINT LECTURE WITH THE INSTITUTE 
OF NAVIGATION—Navigational Systems and Instrument Aids, Dr. D. E. 
Adams, B.Sc., A.Inst.P., and Dr. A. N. Uttley, B.Sc., Ph.D. 


LECTURE SESSION, AUTUMN 1949—SECTION LECTURES 

(To be held at 7 p.m. in the Library of the Society, at 4 Hamilton Place, W.1) 

Tuesday, 18th October 1949—Some Considerations of the Flutter Problems of 
High Speed Aircraft, EF. G. Broadbent, M.A., A.F.R.Ae.S. 

Tuesday, 25th October 1949—New Methods of Aircraft Stressing, J. Hadji- 
Argyris, A.F.R.Ae.S. 

Tuesday, 8th November 1949—Kesonance in Aerodynamics, R. A. Shaw, M.A., 
A.F.R.Ae.S. 

Tuesday, 22nd November 1949—The Design and Development of Engine Driven 
Gearboxes, G. W. Bubb, A.F.R.Ae.S. 

Tuesday, 6th December 1949—The Design ot Tail Pipes for Jet Engines including 
Re-Heat, J. L. Edwards, B.Sc., A.M.I.Mech.E. 


MEMBERS’ NEW APPCINTMENTS 

The following members have recently taken up new appointments:— 

Dr. J. J. Green, Fellow—Deputy Director General of the Defence Research 
Board, and Scientific Adviser to the Chief of Air Staff, U.S.A. 

Wing Commander C. G. B. McClure, Associate—Head of the Department of 
Flight, College of Aeronautics, Cranfield. 


ELLIOTT MEMORIAL PRIZE 

The Elliott Memorial Prize has been awarded to 583460 Warren, D. H.—Fitter 
I1A—Sergeant Aircraft Apprentice, the Aircraft Apprentice of the September 1946 
Entry who obtained the highest marks in the General Studies Examination. 
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PROCEEDINGS OF SECOND AERONAUTICAL CONFERENCE 


The Proceedings of the Second Anglo-American Aeronautical Conference, 
containing the 23 papers read by British and American Lecturers at the Technical 
Sessions in New York from 24th-26th May 1949, are to be published in one Volume 
by the Institute of the Aeronautical Sciences. It is hoped that the Proceedings will 
be ready about January 1950. The price has been fixed by the Institute at 15 
dollars. 

Copies may be ordered through the Society and it will greatly help both the 
society and the Institute if members will place their orders for the Proceedings as 
quickly as possible. 


GRADUATE AND STUDENT SECTION—INFORMAL RECEPTION 


An Informal Reception and Conversazione for members of the Graduate and 
student Section and their friends will be held at the Society, 4 Hamilton Place, W.1, 
on Friday, 21st October 1949, at 7.30 p.m. 

The programme will include dancing, a number of short films and an exhibition 
of part of the Hodgson-Cuthbert Collection. Light refreshments will be served 
at the beginning of the evening. A more detailed programme will be issued with 
the tickets. 

The occasion provides an opportunity for members of the Section to introduce 
‘ieir friends to the Society’s building, and to meet their friends in the Industry. 
Ladies will be welcomed. 

The number of tickets will be limited, and two tickets only will be allotted to 
cach member of the Section. Application for tickets, which will be 4/- each, should 
be made to the Hon. Secretary of the Section, M. C. Campion, 6a Mildenhall Road, 
Clapton, E.5. Cheques and postal orders should be made payable to The Royal 
Acronautical Society. Applications will be dealt with in rotation, and should be 
received by the Hon. Secretary not later than 10th October. 


GRADUATE AND STUDENT SECTION 


LECTURES 


Thursday, 13th October 1949—Address by the President, Sir John S. Buchanan, 
F.R.Ae.S. The Time Seale in Aeronautical Engineering. 

Thursday, 27th October 1949—High Lift Devices, R. R. Duddy, A.F.R.Ae.S., 
of the Royal Aircraft Establishment. 

Thursday, 3rd November 1949—Hydraulic Analogy of Compressible Flow—A 
Substitute for the High Speed Wind Tunnel, H. Ritter, B.Sc.(Eng.), D.C. 
(Graduate), of Imperial College. 

Summary of Lecture :— 

The Subject is introduced with a brief and simple derivation of the equations 
which suggest the analogy between the flow of a liquid with a free surface and 
two-dimensional compressible flow. The assumptions made in establishing the 
equations and the resulting limitations are stated. 

Possible experimental methods which might give useful answers to compressible 
flow problems are discussed. One such arrangement, used at Imperial College and 
consisting of a shallow tank through which the model is towed, is described in 
detail and measurements taken with this are presented for both subsonic and 
supersonic speeds. From these, conclusions are drawn about possible further uses 
of the analogy. 

Tuesday, 15th November 1949—Visualisation of Air Flow at High Speeds, 
A. D. Young, A.F.R.Ae.S., of the College of Aeronautics, 

Summary of Lecture :— 

Variations of the density of the medium through which light passes affect the 
peed of light, and in consequence may alter its direction. This fact is the key to 
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the methods used to explore optically the characteristics of air flow at high speeds. 
The most important of these are the shadowgraph, Schlieren and interferometer 
methods. The basic principles of these methods, the more important practica’ 
features of their installations, their spheres of application and sensitivity are 
discussed and illustrated with slides. 
Thursday, 8th December 1949—Bonding of Aircraft Materials with Syntheti: 
Adhesives, C. J. Moss, B.Sc., of Aero-Research Ltd. 
Lectures will be held in the Library at 4 Hamilton Place, W.1, at 7.30 p.m. The 
Library will not be open until 7 p.m. 


VISIT 
Saturday, 19th November 1949—Visit to the National Physical Laboratory, 
Teddington, Middlesex, at 10 a.m. 
Members wishing to take part in this visit, which will be a short tour of several 
departments, should write to the Assistant Hon. Secretary, D. A. Thurgood, 


Sunnyside Bungalow, Portsmouth Road, Ripley, Surrey, not later than Ist 
November 1949. 


BRANCH LECTURES—AUTUMN SESSION 1949 


BIRMINGHAM BRANCH 
Friday, 28th October 1949—Lecturettes. 
Friday, 25th November 1949—The Investigation of Aircraft Accidents, Air 
Commodore Vernon Brown, C.B.E., O.B.E., M.A., F.R.Ae.S. 
Friday, 6th January 1950—Annual Dinner—at the White Horse Hotel. 
Friday, 27th January 1950—TInter-Planatory Flight and Rocket Propulsion, A. V. 
Cleaver, A.R.Ae.S. 
Friday, 24th February 1950—A Chat on Aecro-Engines, Air Commodore F. R. 
Banks, C.B., F.R.Ae.S. 
Friday, 31st March 1950—President’s Night, Dr. S. C. Redshaw, F.R.Ae.S. 
Friday, 21st April 1950—Annual General Meeting and Smoking Concert— 
at the White Horse Hotel. 
Meetings are usually held at the Birmingham Chamber of Commerce at 7.30 p.m 
COVENTRY BRANCH 
Wednesday 19th October 1949-——-The London-Sydney Air Route, C. H. Jackson. 
Wednesday 16th November 1949—Aircraft Structures, Dr. P. B. Walker, 
F.R.Ae.S. 
Wednesday 14th December 1949—Film Evening on Aircraft Materials. 
In the Trinity Hall (near Pool Meadow) Coventry at 7.380 p.m. 
DERBY BRANCH 
Monday, 31st October 1949—The Cierva Air Horse, J. S. Shapiro, Dipl.Ing., 
A.F.R.Ae.S. 
Monday, 5th December 1949—Annual General Meeting. 
In the Welfare Hal! Rolls-Royce Ltd., Nightingale Road, Derby, at 6.15 p.m. 
GLASGOW BRANCH 
Tuesday, 25th October 1949—The Bell Helicopter, Wing Commander N. Capper. 


Tuesday, 29thy November 1949—Recent Developments in Experimental Stress 
Analysis, Dr. Rothman. 
Tuesday, 20th December 1949—Annual General Meeting. 
Meetings are held in Glasgow at 7.30 p.m. Members are notified individually of 
the place. The meeting on 25th October will be at the St. Enoch Hotel. 
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LUTON BRANCH 


Wednesday 2nd November 1949—Gas Turbine Development, by a member of 
the National Gas Turbine Establishment. 

Wednesday 23rd November 1949—Aeronautical Brains Trust. 

Wednesday 7th December 1949—The Probable Role and Influence of Aircraft in 
Future Warfare, Air Marshal Sir Robert Saundby, K.B.E., C.B., M.C., D.F.C., 
AF XL. 

Wednesday 14th December 1949-—Annual General Meeting and Presidential 
Address. 

Meetings are usually held at the George Hotel, Luton, at 7.30 p.m. 


READING AND DISTRICT BRANCH 


Wednesday, 19th October 1949—Atomic Energy—Its Principles and Possibilities, 
A. G. Salmon, B.Sc., A.Inst.P. 
Wednesday, 23rd November 1949—History of British Airships, Lord Ventry. 
Wednesday, 7th December 1949—Some Experiences in 40 years of Aviation, 
Sir Frederick Handley Page, C.B.E., F.R.Ae.S.—at the George Hotel, Reading. 
Meetings are usually held at the Abbey Gateway, Reading, at 7.30 p.m., unless 
otherwise stated. 


WEYBRIDGE BRANCH 


Wednesday, 19th October 1949—The Probable Role and Influence of Aircraft 
in Future Warfare, Air Marshal Sir Robert Saundby, K.B.E., C.B., M.C., 
DFC., A.F.C. 

Wednesday, 9th Novebmer 1949—The Bristol Brabazon I, F. H. Pollicut, 
F.R.Ae.S. 

Wednesday, 30th November 1949—Radar and the Aircraft which use it, B. W. 
Hodlin, B.Sc., Hons.Phys. 

Wednesday, 21st December 1949—Coloured Filns of Aeronautical Interest, 
W. Courtenay, M.M., A.R.Ae.S. 

Wednesday, 11th January 1950—Brains Trust. 

Friday, 20th January 1950—Annual Dance—a/ St. George’s Hill Tennis Club. 

Wednesday, 8th February 1950—The Aerodynamic Consequences of Flying High 
and Fast, W. G. A. Perring, C.B., F.R.Ae.S., A.M.I.N.A. 

Wednesday, Ist March 1950—Do Scientists Know Anything? C. G. Grey, 
Founder Member R.Ae.S. 

Wednesday, 22nd March 1950—Junior Prize Lecture, Branch Members. 

Wednesday, 31st May 1950—Annual General Meeting. 

At Vickers-Armstrongs Ltd., Weybridge Works, at 6 p.m., unless previous notice 

is given. 


ASSOCIATE FELLOWSHIP EXAMINATION—DECEMBER 1949 


The next Associate Fellowship examination will be held on 19th, 20th and 21st 
December 1949 at the Imperial College of Science and Technology, South 
Kensington. All candidates will receive a time-table and full particulars of the 
eXamination nearer the time. 


CHANGES OF ADDRESS 


To assist in keeping the records of members correct and up to date the Sccretary 
will be glad if all members will notify him as soon as possible of changes of address. 
When notifying changes please give the following particulars:— 
Name (in block letters). 
Grade of membership. 
New address (in block letters). 
Old address. 
Changes of address must be received before the 15th of the month in order to 
be effective for the Journal for the following month. 
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JOURNAL BINDING 


The prices for binding of Journals are as follows:— 
1948 Volume .. .. 14s. 6d; (including packing and postage) 
Previous Volumes... 16s. Od. 
Cases for 1948 Volume 6s. 0d. + 
Journals should be sent direct to the Lewes Press, Friars Walk, Lewes, Sussex, 
and the remittance to the Secretary at the Offices of the Society. 
Requests for cases, with remittances, should be sent to the Secretary at the Offices 
of the Society. 


ELECTIONS 

The following is a list of new members and transfers of membership of the 
Society :— 
Associate Fellows 

Arthur Neville Barber, George Bruce Bolt, Bevis Portuis Chevry de Bray, 
Gordon Ronald Douglas Calder (from Graduate), Rowland Bennet Coles, William 
Harold Dainty (from Graduate), Alfred John Douch (from Associate), George 
William Ellis (from Graduate), Lionel Richard Stanford Freestone, Peter John 
Fullam (from Graduate), Donald John Harper (from Student), John Oliver 
Hitchcock, Richard John Harris Isaacs, Francis Douglas Claringbould Jeffery, 
Kenneth Riley Firth Kenworthy (from Associate), Edward Albert Langridge, 
George Herbert Lee, Sidney Lipman (from Graduate), Philip Nash, Norman Francis 
Newbery, John Stuart Newman, Alfred Salem Niles, Frederick James Pacey, Peter 
William Parish, Richard Wigmore Foster Pegg, Cyril John Simmonds, Horace Smith 
(from Associate), Fredrick Alan Spurr (from Graduate), Henry Ralph Stratford, 
Albert Mark Taylor, Donald Sydney Thomas (from Graduate), Sidney Tyes (from 
Graduate), Alan Vines, Charles Hugh Elsey Warren, Sidney Charles Wybrow 
(from Associate). 


Associates 

Arthur Leslie Ashby, Leslie Francis Graves Badham (from Companion), Alfred 
Charles Gordon Baldwin, M. Bimbet, William Robert Bitcheno, Fred Bradford, 
Cyril Edwin Chapman, Kenneth Rawson Collins, James Gordon Holt Cooper, John 
Arthur Danes, Peter John Detmold (from Student), John Francis Flavin, Eric 
Garner, William James Martel Gatehouse, James Crawford Halley, William Whilton 
Harvey, John Francis Higgins, Norman Parry Hughes, Percy Johnson, John 
Kissack, Graham John Macrae (from Student), William Robert Joseph Marriott, 
Noel Butcher Miller, David William Morgan, Thomas Ronald Newton, David Eric 
Proudlove, S. Ramakrishna, Richard Henry Reynolds (from Companion), [an 
Alexander Robertson, Albert Roman, Kesharikumar D. Shah, Ronald Arthur 
Sutherland, Tin Maung Than (from Student), Ernest Frederick Charles Worthy, 
Sami Zaki. 


Graduates 

Walter James William Arnell, John Atkinson, Demond Barnsley, Thomas William 
Henry Brown, John Ernest Carpenter, Alric Ronald Cawthorne (from Student), 
John Chalmers (from Student), James Clarkson, Anthony Richard Ward Denison 
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THE ELECTRIC RESISTANCE STRAIN GAUGE 
by 
R. G. EVANS, B.Sc. (Eng.), Graduate 


INTRODUCTION 


This paper gives a brief description of the use of the electric resistance strain 
gauge for stress measurements in the static testing of aircraft structures. For such 
work a high degree of precision and small bulk are required because of the small 
strains involved. Normally this excludes mechanical and optical types. 


PRINCIPLE AND CONSTRUCTION 


The gauge operates on the principle that the change of resistance of a wire is 
directly proportional to any strain imposed on it. The stress corresponding to the 
measured strain is obtained by reference to the stress-strain diagram of the material. 


The ratio of the percentage resistance change to the corresponding percentage 
strain is known as the gauge sensitivity factor. In the interests of accuracy the 
resistance change must be as high as possible, which condition may be fulfilled in 
two ways : — 

(a) Use of a high gauge sensitivity factor from which a given strain will produce 

a large resistance change. 


(b) Use of a large initial gauge resistance when, for a given percentage 
resistance change, the quantity to be measured is great. 


The gauge wire should have a low temperature coefficient and thermo-electric 
effects should be minimised owing to temperature changes occurring during a long 
test. This is frequently an over-riding consideration. 


The wire with its leads is formed into an element, either by drawing into 
zig-zag form and cementing between pieces of paper, or by winding on a paper 
former which is then covered as before. The drawn type has the advantage of 
being wholly uniplanar and hence thinner, whereas the wound type reduces the size 
of the loops which minimises the detection of strains in the transverse direction. 

After cleaning with butyl acetate to remove grease and paint, the gauge is 
cemented directly to the specimen and allowed 24 hours to dry. In the case of an 
anodised surface, the oxide film is removed with fine emery prior to cleaning. 


BRIDGE CIRCUITS 

A Wheatstone Bridge circuit is usually used to measure the change of resistance 
and may be employed in two ways. The bridge balance may be restored by a known 
resistance, which is the “ null point method,” or the galvanometer may be calibrated 
in terms of resistance change, which is the “ deflection method.” The advantages 
of the null point method include : — 

(a) Readings independent of bridge voltage. 

(b) Ifa slidewire is used to supply the balancing resistance, it may be calibrated 

directly in terms of resistance change. 
(c) The galvanometer need only have an accurate null point. 
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The deflection method is quicker to operate and the apparatus is simpler and 
less expensive, although the results take longer to calculate and a good, linearly 
calibrated galvanometer is essential. Moreover, this method is readily adaptable 
to automatic switching and recording which is of great value when many gauges 
are employed. 

In all circuits a “ dummy ” gauge is used to eradicate temperature effects. This 
gauge is placed in the same position on the specimen as the main gauge, but so as 
to be unstrained, and is connected in the opposite arm of the bridge to the main 
gauge. Thus each gauge is subject to the same temperature effects and the bridge 
balance is unaffected thereby. 


USE oF GAUGES 


The standard gauge, as described, will only measure direct stress and hence is 
applicable to the measurement of end load in spar booms, stringers, struts and hoop 
stress in pressure vessels and so on. Caution must be exercised when used on sheet 
metal because of buckles which may induce additional tensile or compressive strains 
in the gauge. To eliminate this error, series-connected gauges are attached to 
opposite sides of the sheet at the measuring station. Hence the buckle will not affect 
the total resistance of the two gauges which are then treated as one gauge. 


Bending moments are measured by gauges on both tensile and compressive 
sides of the beam and connected in opposite arms of the bridge circuit, one of them 
replacing the dummy. Thus both resistance changes add to the “ out of balance ” 
of the bridge while retaining temperature compensation. 


Shear stresses in sheet material are measured by two gauges perpendicular to 
one another and at 45° to the direction of the required shear. These measure the 
equivalent tensile and compressive strains of the shear. Hence g=C (e;+e,) where 
e, and e, are the tensile and compressive strains respectively. 


To obtain the two-dimensional principal stress at any point, the strains in three 
directions are required which may be obtained by three gauges inclined at 120° to 
one another at that point. Since the gauges must be small and closely spaced to 
obtain <ccuracy with this method, it is preferable to use a special form of gauge, 
termed a “ rosette,” embodying the three gauges in one. 


POSITIONING OF GAUGES 


On large components such as wings, it is usual to measure direct and shear 
stresses completely at a number of chordwise sections. Further gauges may be added 
at points of interest. From the readings around a section, it is possible to calculate 
the proportion of the load carried by each section of the structure, e.g. spar, skin, 
stringers, etc., which may then be compared with the analytical values. As a check, 
the total B.M. and shear crossing the section may be calculated and compared with 
the applied loads. 


If the number of gauges available is limited, it is better to cover a few sections 
thoroughly rather than to cover many inadequately. In the latter event the results 
hoe = useless as at no section will there be complete information of the stress 

istribution. 
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Now standardised on many 
new aircraft types 
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